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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 

Washington,  D.  C,  July  29,  1910. 

Sir  :  I  have  the  honor  to  transmit  herewith  a  report,  accompanied 
by  five  maps  and  a  number  of  profiles  and  illustrations,  on  the  St. 
Francis  Valley  drainage  project  in  northeastern  Arkansas,  prepared 
by  members  of  the  force  engaged  in  Drainage  Investigations  in  this 
Office.  A  preliminary  report  on  this  same  project  was  printed  as 
Circular  86  of  the  Office  of  Experiment  Stations,  but  the  plan  has 
since  been  worked  out  much  more  in  detail  and  is  now  presented  as 
a  comprehensive  treatment  of  the  subject. 

Owing  to  the  fact  that  the  project  is  a  large  one,  involving  the 
reclamation  of  over  a  million  acres,  and  as  it  includes  some  unusual 
engineering  features,  such  as  the  construction  of  large  floodways  for 
carrying  the  drainage  from  southeastern  Missouri  through  the  dis- 
trict and  the  construction  of  inverted  siphons  for  carrying  the  drain- 
age water  of  the  district  beneath  these  floodways,  it  was  deemed 
advisable  to  have  the  plan  passed  upon  by  a  board  of  consulting  engi- 
neers. This  board  consisted  of  Mr.  Isham  Randolph,  consulting  engi- 
neer, of  Chicago;  Prof.  A.  Marston,  dean  of  engineering,  Iowa  State 
College,  Ames,  Iowa ;  and  Mr.  S.  M.  Woodward,  professor  of  hydraulics, 
Iowa  State  University,  Iowa  City,  Iowa.  The  three  following  rail- 
roads, whose  lines  traverse  the  district,  appreciating  the  necessity  of 
dealing  with  the  matter  as  a  whole  to  insure  best  results,  paid  for 
the  consultation  and  also  assisted  throughout  in  every  way  possible : 
The  St.  Louis  and  Southwestern  Railway  Company,  the  St.  Louis, 
Iron  Mountain  and  Southern  Railway  Company,  and  the  St.  Louis 
and  San  Francisco  Railroad  Company. 

In  view  of  the  great  interest  which  attaches  to  this  project  and  the 
large  number  of  requests  for  the  report  already  received,  it  is  desired 
that  the  report  be  made  available  for  general  distribution.  The 
report  consists  of  two  parts.  Part  I,  General  Report,  contains  the 
information  sought  by  the  greater  number  of  those  interested.  Part 
II,  Bench  Marks,  consists  of  a  list  of  bench  marks  established 
throughout  the  whole  district  by  the  drainage  survey  and  which 
will  be  of  exceeding  value  to  the  more  limited  number  of  those 
who  will  be  charged  with  carrying  out  the  plans  either  in  part  or 
in  full.  I  therefore  recommend  that  the  report  be  printed  as  Bulle- 
tin 230,  Parts  I  and  II,  of  this  Office. 

Respectfully,  A.  C.  True. 

Director. 

Hon.  James  Wilson, 
^  ^     Secretary  o  f  Agriculture. 
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ST.  FRANCIS  VALLEY  DRAINAGE  PROJECT  IN 
NORTHEASTERN  ARKANSAS-PART  I 


INTRODUCTION.0 

The  drainage  of  the  upper  part  of  the  St.  Francis  Valley  in  Arkan- 
sas was  first  actively  advocated  by  the  St.  Francis  Valley  Drainage 
Association,  which  was  organized  in  1904.  The  value  of  a  compre- 
hensive plan  and  the  necessity  of  cooperation  on  the  part  of  the  peo- 
ple for  the  purpose  of  securing  it  were  presented  by  that  association 
at  several  public  meetings.  In  1906  Mr.  S.  H.  McCror}^  drainage 
engineer  of  the  Office  of  Experiment  Stations,  made  an  examination 
of  the  field  and  reported  that  while  several  independent  drainage  dis- 
tricts had  been  organized  a  comprehensive  plan  for  the  entire  valley 
would  be  required  before  adequate  drainage  could  be  secured.  This 
fact  becoming  apparent  to  the  landowners  of  that  region,  a  request 
was  made,  in  the  spring  of  1908,  to  the  U.  S.  Department  of  Agriculture 
that  the  Division  of  Drainage  Investigations,  of  the  Office  of  Experi- 
ment Stations,  cooperate  in  making  the  needed  survey  and  preparing 
such  a  plan. 

In  June,  1908,  Mr.  C.  G.  Elliott,  Chief  of  Drainage  Investigations, 
proposed  to  the  people  of  the  upper  St.  Francis  Valley  a  basis  for 
cooperation,  whereby  the  expense  of  a  surve}'  would  be  shared  equally 
by  the  Division  of  Drainage  Investigations  and  the  people  of  the  dis- 
trict. The  proposition  was  accepted  b}r  the  St.  Francis  Valle}^  Drain- 
age Investigations  Association,  which  was  organized  on  July  27,  for 
the  purpose  of  cooperating  in  the  surve}^.  Field  work  was  begun 
in  October,  1908,  under  the  direction  of  Arthur  E.  Morgan,  supervis- 
ing drainage  engineer,  and  was  continued  until  March,  1909.  The 
field  parties  were  in  charge  of  H.  A.  Kipp,  Lawrence  Brett,  O.  M. 
Fairley,  F.  F.  Shafer,  O.  G.  Baxter,  George  R.  Boyd,  and  TT.  W. 
Weir.  Three  to  five  parties  were  kept  in  the  field  and  twenty  to 
forty  men  were  employed.  Headquarters  were  established  at  Jones- 
boro,  the  various  parties  camping  on  the  work.  The  entire  cost 
charged  against  Drainage  Investigations  for  the  field  work  and  later 
for  preparing  the  plans  and  report  was  813,000,  and  the  cost  to  the  St. 
Francis  Valley  Drainage  Investigation  Association  was  $7,273.  About 

a  A  brief  summary  of  the  plan  for  drainage  proposed  in  this  report  is  given  on 
pp.  54-56. 
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$1,570  was  spent  in  the  district  on  account  of  Drainage  Investiga- 
tions previous  to  the  date  when  arrangements  were  made  for  coop- 
eration. About  1,700  miles  of  level  and  transit  line  were  run,  at  an 
average  cost  of  $11.37  per  mile,  including  the  expense  of  the  office  at 
Jonesboro  and  all  other  field  charges,  but  not  including  the  cost  of 
preparing  the  report  in  the  Washington  office.  On  an  average  about 
1  mile  of  line  was'run  for  every  square  mile  of  land  in  the  district. 
The  survey  being  for  drainage  purposes,  no  effort  was  made  to  locate 
precisely  land  lines  or  section  corners.  In  preparing  the  report  use 
was  also  made  of  a  previous  survey  by  O.  M.  Fairley  and  W.  W. 
Weir,  covering  parts  of  Mississippi  County. 

In  July,  1909,  a  preliminary  report  was  issued  (Circular  86,  Office 
of  Experiment  Stations)  giving  the  results  of  the  investigation  as  they 
had  been  worked  out  up  to  that  time.  A  complete  report  is  now  pre- 
sented, in  which  numerous  changes  have  been  made,  as  seemed  neces- 
sary or  desirable,  and  a  more  detailed  statement  of  the  situation  is 
submitted. 

DESCRIPTION  OF  THE  ST.  FRANCIS  VALLEY. 
LOCATION. 

The  St.  Francis  Valley  is  situated  in  southeastern  Missouri  and 
northeastern  Arkansas.  Beginning  about  100  miles  south  of  St. 
Louis,  it  extends  southerly  more  than  300  miles  to  the  mouth  of  the 
St.  Francis  River  near  Helena,  Ark.  It  is  bounded  by  the  Mississippi 
River  on  the  east,  and  by  a  low  narrow  rise  of  land,  known  as  Crow- 
leys  Ridge,  on  the  west.  At  the  north  the  flat  valley  ends  abruptly  at 
the  foothills  of  the  Ozark  Mountains.    (See  map,  fig.  1.) 

The  area  considered  in  this  report,  including  about  1,600  square 
miles,  or  more  than  1,000,000  acres,  extends  from  the  Arkansas- 
Missouri  state  line  south  into  Arkansas  for  about  65  miles.  The 
greatest  width,  from  Crowleys  Ridge  to  the  Mississippi  River  oppo- 
site Jonesboro,  is  about  50  miles.  All  of  Mississippi  County,  the 
eastern  parts  of  Craighead  and  Poinsett,  the  northeastern  part  of 
Cross,  and  the  northern  part  of  Crittenden  counties,  are  included. 

The  St.  Louis-Memphis  line  of  the  St.  Louis  and  San  Francisco 
Railroad  extends  through  the  length  of  the  district  along  the  Missis- 
sippi River,  while  the  Memphis-Kansas  City  line  of  the  same  road 
passes  through  the  heart  of  the  territory  between  Memphis,  Tenn.,  and 
Jonesboro,  Ark.  A  third  line  of  this  road  will  soon  be  completed  from 
Marked  Tree  north  to  the  state  line,  north  of  Leachville,  there  con- 
necting with  other  branches  of  the  system  in  Missouri.  The  Iron 
Mountain  and  Cotton  Belt  railroads  pass  along  the  west  margin;  the 
Iron  Mountain  Railroad  borders  it  on  the  south;  the  Jonesboro,  Lake 
City  and  Eastern  Railroad  extends  through  the  length  of  the  district 
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oast  and  west  ;  the  Paragould  and  Memphis  and  the  Paragould  and 
Southeastern  enter  it  from  the  north;  and  there  are  several  lines  of 
railroad  built  to  facilitate  lumbering  operations,  which  add  largely  to 
'the  total  mileage.    Some  of  the  principal  towns  with  their  approxi- 
mate populations  are:  Blytheville,  4,000;  Osceola,  2,500;  Marked 
.Tree,  2,000;  Lake  City,  1,500;  Luxora,  1,000;  Manila,  800;  Wilson, 
500;  and  Burdette,  450.    Jonesboro,  on  the  west  margin,  one  of  the 
principal  railroad  centers  of  northeastern  Arkansas,  has  a  population 
of  about  9,000.    Memphis,  just  across  the  river  from  the  heart  of  the 
district,  the  principal. business  center  for  the  entire  region,  is  the  sec- 
ond largest  city  in  the  South. 

HISTORY. 

The  St.  Francis  Valley,  as  well  as  the  rest  of  Arkansas,  was  a  part 
of  the  Louisiana  purchase  of  1803.  Previous  to  the  time  of  its  ces- 
sion to  the  United  States  the  entire  region  was  almost  uninhabited, 
excepting,  perhaps,  a  few  settlers  along  the  Mississippi  River  front; 
and  for  years  afterwards  it  was  visited  only  by  hunters  and  trappers. 

THE   NEW  MADRID  EARTHQUAKE. 

Among  the  earliest  occurrences  of  historical  importance  in  this 
region  were  the  New  Madrid  earthquakes  of  1811  to  1813,  which  are 
popularly  supposed  to  have  sunk  large  areas  of  land  in  the  St.  Francis 
Valley.  Probably  the  fullest  and  most  accurate  record  of  this  dis- 
turbance is  that  by  N.  S.  Shaler,  the  noted  geologist,  in  the  Atlantic 
Monthly  of  1869.  The  first  earthquake,  which  occurred  on  November 
16,  1811,  at  2  o'clock  in  the  morning,  shook  a  larger  area  than  any 
known  disturbance  except  the  Lisbon  convulsion  of  1755;  and,  in 
intensity,  it  was  probably  not  surpassed  by  the  movements  which 
produced  that  great  calamity.  The  disturbances  continued  until 
December  13,  1813,  or  for  more  than  two  years.  In  a  description  of 
this  convulsion,  given  in  the  Popular  Science  Monthly  for  1906,  it  is 
stated  that  during  this  time  1,874  separate  shocks  were  recorded. 
Of  the  locality  affected  by  the  earthquake,  Shaler  says: 

There  are  reasons  for  believing  that,  although  the  center  of  the  New  Madrid  earth- 
quake shocks  was  at  the  outset  very  much  west  of  the  Mississippi,  it  gradually  moved 
eastward  until  toward  the  close  of  these  movements  in  1813  it  had  traveled  over  200 
miles  in  this  direction,  being  then  near  the  mouth  of  the  Wabash,  on  the  Ohio. 

The  center  of  the  disturbance  at  first  was  probably  west  of  any 
civilized  settlements.  Indians  describe  even  more  terrible  effects  of 
the  convulsion  in  the  region  between  the  Mississippi  and  the  Great 
Plains.  Everywhere  the  first  movement  seems  to  have  come  from 
the  west,  so  it  is  necessary  to  refer  the  origin  of  this  earthquake,  as 
that  of  many  other  earthquakes  of  the  same  area,  to  some  center  of 
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disturbance  lying  between  the  Mississippi  River  and  the  Rocky 
Mountains. 

Various  records  were  made  at  the  time,  which  indicate  the  great 
force  of  the  shocks.  The  village  of  New  Madrid  was  a  complete 
wreck,  even  the  solidly  built  log  cabins  being  shaken  down.  Two 
falls  were  formed  in  the  Mississippi  River  near  that  place;  one  being 
about  6  feet  high,  while  the  roar  of  the  other  could  be  heard  8  miles 
away,  at  New  Madrid.  So  great  was  the  disturbance  of  the  river 
in  that  vicinity  that  of  thirty  loaded  boats  coming  down  the  river 
when  some  of  the  more  severe  shocks  occurred  on  February  12,  1812, 
only  two  escaped  destruction.  Whole  forests  fell  prostrate.  Reel- 
foot  Lake  in  Tennessee  had  no  existence  before  the  time  of  this  earth- 
quake, it  being  formed  by  a  sand  blow  at  the  outlet.  Fifty  years 
after  the  disturbance  occurred  Shaler  found  fissures  100  feet  deep  in 
Obion  County,  Tenn. 

Of  the  records  of  this  disturbance,  Shaler  says,  "enough  remains  to 
make  it  certain  that  since  human  history  began  the  earth  has  rarely 
been  shaken  by  a  more  tremendous  convulsion. He  further  states 
that  "the  disturbance  was  as  unusual  as  it  was  severe.  The  valleys  of 
the  great  rivers  of  the  world,  at  least  the  parts  immediately  adjacent 
to  their  banks,  are  rarely  the  seat  of  earthquake  shocks  of  great 
severity.  The  occurrence  of  such  a  shock  in  a  region  like  the  Missis- 
sippi Valley,  on  the  borders  of  a  great  river,  is  probably  unprecedented 
in  the  history  of  earthquakes."  As  in  Shaler's  opinion  the  results 
indicate  that  it  may  have  been  centuries  since  any  other  disturbance 
had  occurred,  we  would  not  be  justified  in  applying  here  the  theory 
commonly  accepted  among  students  of  the  subject,  that  such  dis- 
turbances repeat  themselves  as  often  as  once  in  a  century.  In 
recent  years  there  have  been  numerous  slight  shocks  felt  over  this 
territory,  but  none  which  were  severe.  A  repetition  of  this  earth- 
quake would  affect  principally  the  large  cities  where  there  are  tall 
buildings,  and  would  probably  extend  far  beyond  the  limits  com- 
monly assigned  to  the  New  Madrid  earthquake. 

Such  is  the  disturbance  which  is  supposed  to  have  originated  the 
present  conditions  of  the  "sunk  lands"  of  Missouri  and  Arkansas. 
The  examination  during  this  survey  indicates  that  while  this  territory 
was  always  low  and  wet,  the  condition  of  a  part  was  probably  changed 
at  the  time  of  the  earthquake.  The  most  obvious  example  of  this 
change  is  seen  in  Big  Lake.  The  bottom  of  this  lake  contains  a 
fallen  forest  of  hardwood,  of  such  varieties  as  usually  grow  on  fairly 
dry  ground,  nearly  all  of  the  trees  lying  in  the  same  direction.  It  is 
not  clear,  however,  that  this  land  was  sunk  by  the  earthquake.  In  the 
case  of  Big  Lake  it  seems  much  more  probable  upon  an  examination 
of  the  local  topography  that  the  land  west  of  the  lake  or  at  the  outlet 

230-1 


11 


was  raised,  thus  shutting  off  the  natural  drainage  and  forming  a  lake. 
Over  most  of  the  territory  on  which  the  trees  were  destroyed  a  new 
forest  growth  is  coming  to  maturity. 

OWNERSHIP  OF  THE  LAND. 

At  the  time  of  the  original  government  survey  of  this  territory  in  the 
years  1845-1849,  the  greater  part  of  the  proposed  district  was 
reported  by  the  survey  as  swamp  land.  By  the  swamp-land  grant 
of  1850  these  tracts  were  ceded  to  the  State  of  Arkansas  on  the  con- 
dition that  the  money  received  from  their  sale  should  be  expended  in 
their  reclamation.  Selections  were  made  under  this  act  and  patents 
issued  to  the  State  of  Arkansas  from  1856  to  1871.  By  a  compro- 
mise agreement  between  the  United  States  and  the  State  of  Arkansas, 
approved  by  act  of  Congress  of  April,  1898,  the  State  relinquished  all 
its  right  to  lands  not  included  in  any  of  the  selections  heretofore 
approved  to  the  State.  In  1893  the  St.  Francis  levee  district  was 
organized  by  an  act  of  the  general  assembly  of  the  State,  and  all 
swamp  land  within  the  limits  of  the  district  belonging  to  the  State, 
was  transferred  to  the  district.  The  levee  district  disposed  of  its  entire 
holdings,  and  several  hundred  thousand  acres  are  now  owned  by 
lumber  companies  in  large  parcels  and  the  remainder  is  variously 
owned  in  smaller  tracts. 

Included  in  the  district  are  several  thousand  acres  of  timbered  land 
which  was  classed  as  "lake"  in  the  returns  of  the  original  government 
survey.  Recently  the  United  States  Government,  through  the 
Department  of  the  Interior,  laid  claim  to  such  areas  in  ranges  6  and 
7,  on  the  ground  that,  not  being  included  in  any  of  the  descriptions 
of  land  ceded  to  the  State,  and  never  having  been  "  lake ' '  in  fact,  it  still 
remains  in  the  ownership  of  the  United  States  as  unsurveyed  land. 
This  claim  was  sustained  by  a  decision  handed  down  from  the  office 
of  the  Secretary  of  the  Interior  on  December  12,  1908,  and  reaffirmed 
on  February  27,  1909,  and  a  survey  of  these  lands  has  been  ordered 
to  determine  what  tracts  will  be  affected  by  the  decision.  The  total 
amount  affected  which  otherwise  would  be  reclaimed  and  assessed 
for  the  proposed  improvement  is  very  small,  amounting  to  not  more 
than  2  or  3  per  cent  of  the  area  of  the  district.  Only  that  part  of  the 
land  along  the  St.  Francis  River  reported  as  "lake''  by  the  original 
United  States  government  survey  is  included  in  this  decision. 

An  act  of  Congress  of  March,  1909,  recognized  the  validity  of  the 
claims  of  residents  to  Cane  Island,  near  Lake  City,  and  a  survey  has 
been  made  to  establish  permanent  boundaries  between  the  various 
owners. 
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DEVELOPMENT  OF  THE  LEVEE  SYSTEM. 

While  a  narrow  strip  of  land  along  the  Mississippi  River  was  so  high 
as  seldom  to  be  overflowed  and  had  been  settled  for  many  years  prior 
to  the  construction  of  levees,  the  main  part  of  the  proposed  district 
was  covered  with  water  to  depths  of  1  or  2  to  10  feet  in  time  of  the 
highest  water,  and  its  settlement  for  agricultural  purposes  was  unprof- 
itable. 

In  1893  the  St.  Francis  levee  district  was  organized  by  an  act  of 
the  state  legislature,  comprising  the  whole  or  parts  of  eight  counties. 
The  total  area  of  the  levee  district  is  about  1,600,000  acres.  With  the 
help  of  the  United  States  Government  165  miles  of  levee  have  been 
constructed,  containing  20,132,000  cubic  yards,  at  a  cost  of  $3,380,000 
for  the  actual  construction.  It  is  estimated  that  about  12,000,000 
yards  must  be  added,  in  addition  to  loops  which  may  become  neces- 
sary, in  order  to  complete  the  work.  At  present  about  10  miles  of  the 
levee  is  built  to  ultimate  grade  and  about  60  miles  is  3  to  5  feet  below 
the  ultimate. 

For  several  years  no  overflows  of  the  river  have  occurred  within  the 
leveed  area.  With  the  construction  of  the  levees  has  come  a  great 
development  of  the  lands  of  the  district  which  formerly  were  over- 
flowed, and  it  is  believed  that  this  development  will  continue  until 
the  entire  area  is  reclaimed. 

TOPOGRAPHY. 

The  St.  Francis  Valley  is  a  nearly  flat,  wooded  plain,  lying  between 
a  low  clay  ridge,  known  as  Crowleys  Ridge,  on  the  west  and  the  Missis- 
sippi River  on  the  east.  There  is  a  gradual  slope  away  from  the  Mis- 
sissippi River  and  from  Crowleys  Ridge  toward  the  interior  of  the 
valley,  which  is  30  to  40  feet  lower  than  the  river  front. 

The  important  water  courses  of  the  district  are  the  St.  Francis 
River,  the  Right-Hand  and  Lef t-Hand  chutes  of  Little  River,  Tyronza 
River,  and  Big  Creek.  Big  Bay  and  Little  Bay,  on  the  west,  and 
Pemiscot  Bayou,  on  the  east,  are  of  less  importance,  and  there  are 
numerous  other  bayous  near  the  Mississippi  River.  Pemiscot  Bayou 
formerly  carried  overflow  water  from  the  Mississippi  River  and  has  built 
banks  higher  than  the  surrounding  land.  These  higher  banks  continue 
down  the  Lef  t-Hand  Chute  of  Little  River  from  the  outlet  of  Pemiscot 
Bayou  to  the  St.  Francis  River,  and  thence  down  the  St.  Francis 
River.  West  of  the  line  formed  by  Pemiscot  Bayou,  the  Left-Hand 
Chute  of  Little  River,  and  the  St.  Francis  River  there  are  no  channels 
in  the  district  with  high  banks.  In  many  parts  of  the  district  are 
shallow  swales  1  to  3  feet  deep  and  sometimes  several  hundred  feet 
wide.  A  few  shallow  lakes  are  in  the  eastern  part  and  some  narrow 
and  deeper  ones  near  the  eastern  margin,  which  are  probably  old  chan- 
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nels  of  the  Mississippi  River.  The  depression  known  as  Big  Lake  is 
a  large  flat  area  which  receives  the  waters  of  Little  River  in  Missouri. 
It  discharges  through  both  the  Right-Hand  and  Left-Hand  chutes  of 
Little  River,  and  thence  into  the  St.  Francis  River.  Entering  the 
district  from  the  north,  the  St.  Francis  River  spreads  over  a  large 
flat  area  known  as  St.  Francis  Lake.  Along  the  upper  part  of  this 
lake  the  banks  in  many  places  are  well  defined,  but  along  the  lower 
part  there  is  a  gradual  slope  from  the  lowest  bottom  to  the  higher 
land  of  a  foot  to  the  mile  or  less.  The  high-banked  channels  of  Pemis- 
cot Bayou,  Little  River,  and  St.  Francis  River  are  very  crooked,  but 
the  other-channels  in  the  interior  of  the  district  are  fairly  straight. 
In  many  parts  of  the  district  are  sandy  ridges  1  to  3  feet  higher  than 
the  surrounding  land. 

CLIMATE. 

The  climate  of  northeastern  Arkansas  is  similar  to  that  of  the 
Eastern  States  in  the  vicinity  of  Washington,  D.  C.  The  winters  are 
short  and  generally  mild,  while  the  summers  are  long  and  often  hot. 
The  temperature  ranges  from  a  few  degrees  below  zero  during  the 
coldest  winter  weather  to  more  than  100°  F.  during  the  hottest 
periods  of  summer.  The  mean  annual  temperature  is  about  60°. 
The  last  killing  frosts  in  the  spring  occur  from  the  first  of  February  to 
the  last  of  April,  while  the  first  in  the  fall  are  from  the  last  of  Septem- 
ber to  the  middle  of  November.  Snow  falls  nearly  every  winter,  but 
seldom  remains  on  the  ground  more  than  a  few  days.  The  total 
yearly  rainfall  is  about  47  inches,  varying  from  30  to  60  inches  for 
different  years.  The  wettest  months  are  from  January  to  June,  while 
September  and  October  are  driest.  The  average  rainfall  for  October 
is  about  half  that  for  March.  About  ninety-four  rainy  days  occur 
on  the  average  each  year,  March  having  more  than  any  other  month. 
The  lengths  of  seasons,  extremes  of  temperature,  and  amounts  of 
rainfall  vary,  of  course,  from  year  to  year. 

Northeastern  Arkansas,  being  on  the  border  between  the  North  and 
the  South,  has  a  climate  suitable  for  the  production  of  many  northern 
crops,  while  having  seasons  of  sufficient  length  for  the  very  successful 
production  of  cotton"  and  rice. 

SOIL. 

Except  for  a  comparatively  small  area  along  the  base  of  Crowleys 
Ridge,  the  soils  of  this  district  are  all  composed  of  alluvium  deposited 
by  the  Mississippi  River,  more  or  less  modified  near  the  surface  by 
the  addition  of  humus  or  decayed  vegetation.  Similar  variations 
are  found  here  as  in  other  parts  of  the  Mississippi  alluvial  plain;  the 
texture  varying  from  medium  fine  sand  to  fine  clay,  depending  upon 
the  velocity  of  the  w^ater  in  which  the  material  was  deposited.  This 
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sifting  of  material  has  occurred  in  all  parts  of  the  district.  As  a  rule 
the  soil  of  the  ridges  is  lighter  than  that  of  the  lowlands.  The  subsoil 
consists  of  layers  of  clay,  sand,  and  loam  to  depths  of  many  feet, 
except  along  the  west  margin,  where  it  overlies  and  is  mixed  with 
the  loess  or  silt  loam  of  the  Crowleys  Ridge  formation. 

Whether  of  heavy  clay  or  of  lighter  sand  the  alluvial  soils  of  this 
region  seem  to  be  almost  uniformly  fertile.  Some  small  areas  along 
the  river  front  which  have  been  cultivated  for  more  than  a  century, 
with  little  or  no  care  for  the  maintenance  of  fertility,  seem  to  be  almost 
as  productive  as  land  which  has  been  in  cultivation  for  only  a  short 
time.  Newly  cleared  land  produces  exceptionally  heavy  growths 
of  cotton  for  a  few  years,  until  the  nitrogen  of  the  top  soil  is  reduced. 

Thereafter,  when  the  yield  has  become  somewhat  less,  production  con- 
tinues with  little  further  deterioration  being  evident.  The  sandy  soils 
of  the  district  contain  enough  of  the  finer  soil  particles  to  make  them 
loamy,  while  the  heaviest  clays  are  more  easily  managed  than  sticky 
clay  soils  of  other  parts  of  the  United  States.  But  little  difference  is 
observed  between  the  fertility  of  the  heavier  and  the  lighter  soils. 
A  few  cypress  brakes  have  a  surface  soil  of  muck  or  humus  on  top 
of  the  alluvium.  These  are  among  the  most  productive  and  most 
nearly  inexhaustible  of  all  soils  in  the  South  when  properly  drained. 
Their  area  in  the  St.  Francis  district  amounts  to  but  a  few  square 
miles. 

Crowleys  Ridge  and  the  land  immediately  to  the  east  is  composed 
of  a  fine  silt  loam,  commonly  known  as  loess,  very  dense  and  nearly 
impervious  to  water.  This  soil,  which  has  a  nearly  uniform  texture 
throughout  the  area  of  its  occurrence,  was  considered  almost  worth- 
less until  rice  culture  was  introduced.  As  it  proves  to  have  just  the 
qualities  needed  for  this  crop  it  is  fast  entering  into  that  develop- 
ment which  is  making  central  Arkansas  one  of  the  great  rice-produc- 
ing sections  of  the  United  States. 

NATIVE  VEGETATION. 

The  native  vegetation  is  an  excellent  criterion  for  judging  the 
fertility  of  these  soils.  Canebrakes  occur  on  the  most  fertile  and  best 
drained  areas.  A  heavy  growth  of  red  gum,  oak,  ash,  and  other 
timber  indicates  lasting  productiveness,  while  cypress  and  tupelo 
gum  suggest  great  fertility  but  poor  drainage.  Stunted,  scattering 
growths  of  post  oak,  willow  oak,  hickory,  and  locust  indicate  a  soil 
of  small  agricultural  value,  except  for  rice.  Very  rank  growths  of 
underbrush  and  vines  are  seldom  found  on  poor  land. 

The  vegetation  of  the  alluvial  plain  in  the  main  corresponds  to  that 
of  the  wooded  regions  of  Missouri,  Indiana,  and  nearby  States  to 
the  east,  but  the  luxuriance  of  the  growth  indicates  an  equal 
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fertility  of  soil,  a  longer  growing  season,  and  a  warmer  climate.  The 
entire  valley  was  covered  with  timber  at  the  time  of  its  settlement, 
except  for  a  few  shallow  lakes  or  marshes,  which  were  overgrown 
with  coarse  grass,  reeds,  and  rushes.  The  principal  commercial 
woods  are  oak,  gum,  ash,  cypress,  elm,  locust,  and  cottonwood.  The 
forests  formerly  contained  much  walnut.  Forest  trees  of  all  kinds 
attain  a  large  growth,  even  persimmon  and  sassafras  frequently 
being  large  enough  for  saw  logs.  Whenever  large  timber  does  not 
prevent  the  light  from  reaching  the  ground  there  is  a  heavy  growth 
of  underbrush,  small  trees,  and  vines.  The  courses  of  bayous  and 
sloughs  commonly  are  choked  by  bushes  and  small  trees  that  are 
adapted  to  the  wettest  situations. 

A  few  typical  cypress  brakes  occur  throughout  the  district,  but  they 
occupy  probably  less  than  3  per  cent  of  the  lowland.  In  many 
places,  however,  cypress  is  found  intermixed  with  oak,  gum,  and 
other  timber.  Tupelo  gum  is  usually  found  about  the  edges  of  the 
cypress  brakes. 

One  of  the  few  evidences  in  this  district  of  vegetation  character- 
istic of  the  Southern  States  is  seen  in  the  canebrakes,  which  occur 
on  the  higher  ridges.  Here  the  growth  is  sometimes  so  dense  that  it 
can  be  penetrated  only  with  difficulty  without  cutting  a  way.  The 
cane,  which  is  an  evergreen,  is  excellent  forage  for  stock,  many  cattle 
growing  to  maturity  in  the  woods  without  any  attention  or  care  on 
the  part  of  their  owners. 

Sluggish  streams  or  ponds  of  dead  water  throughout  the  district 
usually  are  choked  by  pond  lilies,  water  chinquapin,  and  other  aquatic 
plants,  though  the  main  channels  of  the  larger  streams  remain  free 
from  such  obstructions. 

The  forest  growth  on  Crowley s  Ridge  is  for  the  most  part  limited 
to  willow  oak  and  stunted  post  oak,  with  occasionally  small  trees 
of  other  species. 

The  production  of  lumber  is  the  most  important  industry  of  this 
section,  and  will  probably  continue  to  be  important  for  fifteen  to 
twenty-five  years. 

CROPS. 

As  in  most  other  parts  of  the  lower  Mississippi  Valley,  cotton  is  the 
principal  agricultural  product,  the  acreage  of  which  exceeds  that  of 
all  other  crops  combined.  The  production  on  fairly  well  drained 
alluvial  land  varies  from  one-half  bale  or  less  to  a  bale  per  acre  (500 
pounds  of  lint  to  the  bale)  under  the  present  methods  of  cultivation. 
It  is  certain  that  with  thorough  drainage  and  proper  cultivation 
yields  would  be  largely  increased  over  the  present  average. 

Xext  to  cotton,  corn  is  the  principal  crop,  though  as  yet  the  produc- 
tion does  not  meet  the  local  demand.    Corn  suffers  more  than  cotton 
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from  poor  drainage,  and  for  this  reason  its  culture  will  never  be  com- 
pletely successful  until  thorough  drainage  is  secured.  With  such 
drainage  the  St.  Francis  Valley  may  become  one  of  the  important 
corn-producing  sections  of  the  country.  Two  crops  of  Irish  potatoes 
are  produced  in  a  season,  and  as  the  product  of  the  first  reaches  the 
market  before  the  northern  crops  are  matured  it  usually  brings  good 
prices.  The  alluvial  soil  of  the  valley  is  very  well  suited  to  potatoes, 
and  an  increased  acreage  is  being  planted  each  year. 

Numerous  clovers  and  grasses  are  planted  as  hay  and  forage  crops, 
the  most  promising  of  which  is  alfalfa.  On  well-drained  alluvial  soil 
this  legume  makes  a  luxuriant  growth,  producing  4  to  6  tons  of  hay 
to  the  acre  each  season.  As  the  price  of  alfalfa  hay  in  the  South 
varies  from  $10  to  $20  a  ton  it  is  seen  that  this  is  a  very  profitable 
crop.  Its  chief  enemy  seems  to  be  an  excess  of  moisture,  but  when 
successfully  established  on  well-drained  soil  it  has  proved  to  be  more 
profitable  than  any  other  staple  crop  except  potatoes.  Tracts  of 
high  land  along  the  Mississippi  River  front  planted  to  alfalfa  now 
command  a  cash  rental  of  $10  or  more  an  acre  a  year. 

With  the  introduction  of  rice  culture  into  central  Arkansas  there 
has  been  a  great  change  in  the  market  value  of  the  heavy  clay  land 
along  the  base  of  Crowleys  Ridge.  Formerly  thought  to  be  almost 
worthless  for  agriculture,  it  is  now  much  in  demand,  producing  35 
to  80  bushels  of  rice  to  the  acre.  The  western  portion  of  this  dis- 
trict is  adapted  to  rice  culture.  For  successful  rice  culture,  how- 
ever, drainage  is  very  necessary,  and  until  the  thorough  drainage  of 
this  part  of  the  district  is  secured  rice  growing  there  will  be  a 
hazardous  occupation,  on  account  of  the  difficulty  of  plowing,  seed- 
ing, and  reaping. 

Field  peas  are  very  generally  planted,  as  throughout  the  South,  in 
rotation  with  cotton  and  corn,  as  a  fertilizing  agent  and  for  hay. 
Other  crops  which  give  promise  are  sweet  potatoes,  peanuts,  onions, 
celery,  and  early  vegetables  for  the  northern  market.  Apples,  peaches, 
and  pears  appear  to  do  well  on  thoroughly  drained  soil,  though  little 
attention  has  ever  been  given  to  their  cultivation. 

LAND  VALUES. 

The  principal  factors  which  affect  land  values  in  northeastern 
Arkansas  are:  (1)  The  character  of  the  soil,  the  alluvial  land  occu- 
pying the  main  part  of  the  valley  being  valued  more  highly  than  the 
loess  or  silt-loam  soil  of  Crowleys  Ridge;  (2)  proximity  to  market 
and  transportation  facilities — the  land  along  the  Mississippi  River 
front,  along  railroads,  and  on  the  best  public  roads  being  worth  more 
than  that  lacking  these  advantages;  (3)  the  value  of  timber,  a  very  con- 
siderable part  of  the  land  in  the  district  having  a  market  value  little 
greater  than  that  of  the  standing  timber;  and  (4)  drainage.  Except 
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along  Crowleys  Ridge  and  along  the  Mississippi  River  almost  all  the 
land  in  the  district  would  increase  in  value  if  thoroughly  drained. 
The  present  value  of  the  cultivated  land  depends  very  largely  upon 
its  drainage.  The  best  developed  farms  in  the  eastern  part  of  Mis- 
sissippi County  are  now  valued  at  $100  to  $150  an  acre.  They  have 
a  rental  value  of  $5  to  $10  a  year  for  plow  land  and  $10  or  more  a 
year  for  tracts  planted  to  alfalfa.  A  large  part  of  these  higher  priced 
lands  are  in  need  of  more  thorough  drainage,  and  will  not  produce 
the  best  crops  until  they  receive  this  improvement.  Cultivated  lands 
lying  farther  from  the  river  front,  which  are  frequently  overflowed  to 
such  an  extent  that  crops  are  destroyed,  have  a  market  value  of  $25 
to  $40  an  acre.  Cut-over  land,  which  requires  both  clearing  and 
drainage,  can  be  bought  for  $10  to  $20  an  acre.  Few  tracts  in  the 
district  are  now  sold  for  less  than  $10  an  acre,  except  the  heavy  soils 
along  the  base  of  Crowleys  Ridge.  These  can  be  bought  for  $5  to 
$20  per  acre,  depending  partly  upon  the  value  of  standing  timber  and 
the  suitability  of  the  surface  for  the  cultivation  of  rice.  This  soil, 
also,  will  be  greatly  improved  by  drainage. 

DRAINAGE  CONDITIONS. 

About  1,500  square  miles  of  land  in  the  proposed  district  are 
partially  or  wholly  undrained.  Of  this  amount  something  more 
than  half  is  in  Mississippi  County,  nearly  a  fourth  in  Poinsett,  and 
the  remainder  is  in  Craighead,  Cross,  and  Crittenden  counties.  A 
considerable  amount  of  land  along  the  Mississippi  River  front  is  now 
in  cultivation,  as  are  smaller  areas  in  the  interior,  but  very  little  is 
thoroughly  drained.  Nearly  all  land  in  the  entire  area  upon  which  a 
crop  can  be  made  in  favorable  years  either  is  in  cultivation  or  is  being 
cleared  for  that  purpose;  and  much  land  is  in  cultivation  which  is  so 
wet  as  to  be  unprofitable  for  crops.  Perhaps  a  third  of  the  district 
remains  under  water  for  weeks  or  months  at  a  time  during  wet  sea- 
sons, while  the  lowest  parts  are  usually  submerged  for  the  greater 
part  of  the  }^ear. 

Previous  to  the  construction  of  the  Mississippi  levees  little  interest 
was  taken  in  drainage*.  With  the  removal  of  this  source  of  overflow 
interest  in  drainage  began  to  develop,  and  several  drainage  districts 
were  organized.  As  is  usually  the  case  when  the  first  drainage 
improvements  in  an  undeveloped  country  are  undertaken,  the  people 
were  not  aware  of  the  necessity  for  thorough  drainage  and  sought 
relief  only  from  the  most  intolerable  conditions.  The  first  systems 
made  evident  the  beneficial  results  which  would  follow  this  improve- 
ment, and  also  served  to  indicate  the  necessity  for  more  thorough 
work.  During  the  last  few  years  several  drainage  systems  have 
been  constructed.  A  number  of  the  ditches  are  chiefly  valuable  as 
evidence  that  the  best  results  will  come  only  when  plans  are  carefully 
devised  and  efficiently  carried  out. 
60789°— Bull.  230,  pt  1—11  2 
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During  wet  seasons  the  waters  of  Little  River  and  the  St.  Francis 
River  overflow  a  wide  belt  of  country,  submerging  an  area  25  miles 
wide  east  and  west  through  the  center  of  the  district,  the  depth  of 
water  varying  from  less  than  a  foot  to  6  feet  or  more  in  different 
parts.  Wherever  a  ridge  of  land  rises  above  the  line  of  high  water 
it  usually  is  occupied  by  settlers  who  are  endeavoring  to  clear  the 
land  and  farm  it.  Probably  80  per  cent  of  all  cultivated  land  in  the 
district  is  seriously  in  need  of  drainage. 

THE  PROBLEM. 

The  great  area  of  undrained  and  unimproved  land  in  the  St. 
Francis  V alley  presents  exceptional  difficulties  to  efforts  at  reclama- 
tion. The  problem  is  how  to  improve  this  land  so  that  the  work  wall 
not  be  an  undue  burden  upon  the  property  owners,  but  will  result  in 
the  fullest  development  of  the  region.  In  order  to  secure  these  results 
the  improvement  should  be  planned — 

(1)  So  that  as  worked  out  the  completed  system  shall  conform  to 
an  economical,  orderly,  and  effective  plan,  resulting  in  the  fullest  and 
best  improvement  of  the  region. 

(2)  So  that  it  shall  be  possible  to  develop  the  district  a  part  at  a 
time  as  the  interests  of  the  valley  require,  not  requiring  one  part 
which  is  ready  for  improvement  unnecessarily  to  postpone  develop- 
ment until  the  construction  of  the  whole  project  may  be  undertaken. 

(3)  So  as  to  secure  all  possible  accessory  results  in  addition  to 
drainage;  as  water  power,  water  transportation,  rice  irrigation,  fish- 
eries, and  the  improvement  of  road  grades. 

In  accomplishing  these  results  it  will  be  necessary — 

(1)  To  carry  through  the  district  all  the  drainage  water  from  more 
than  4,000  square  miles  in  Missouri  and  Clay  and  Greene  counties, 
Arkansas,  of  which  about  1,500  square  miles  is  mountainous  and 
hilly,  with  a  very  large  flood  run-off. 

(2)  To  provide  main  drainage  channels  for  carrying  the  drainage 
water  of  more  than  1,500  square  miles  within  the  district  itself. 

(3)  To  plan  a  complete  system  of  detail  drainage. 

(4)  To  provide  a  storage  reservoir  for  the  moderation  of  floods  in 
the  lower  St.  Francis. 

In  working  out  the  plan  it  is  necessary  to  examine  carefully  into 
conditions  affecting  run-off,  or  the  amount  of  water  which  the  system 
will  be  required  to  care  for;  hydraulic  problems  connected  with  the 
planning  of  drainage  channels;  construction  methods  and. cost;  the 
maintenance  and  repair  of  drainage  constructions;  and  numerous 
problems  connected  with  other  subjects  of  interest.  The  conclu- 
sions reached  in  this  report  are  based  upon  the  facts  and  conditions 
described  in  the  following  pages. 
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RUN-OFF. 

DEFINITION. 

Of  all  the  water  which  falls  upon  a  given  area  as  rain  or  snow,  a 
part  is  returned  to  the  air  by  evaporation  from  ground  and  water 
surfaces,  or  through  the  leaves  of  plants,  while  the  remainder  flows 
over  or  through  the  ground  to  streams,  and  thence  passes  out  of  the 
country  as  "  run-off."  The  amount  of  water  in  an  extensive  drainage 
area  which  is  permanently  disposed  of  by  being  transformed  into  plant 
tissue,  or  by  sinking  so  far  into  the  soil  that  it  does  not  reappear  again 
at  the  surface  for  a  great  distance,  is  comparatively  small. 

UNITS  OF  MEASUREMENT. 

In  discussing  run-off  in  its  relation  to  rainfall,  it  is  usual  to  express 
the  rate  in  inches  in  depth  in  twenty-four  hours  over  the  entire 
watershed,  or  in  cubic  feet  per  second  per  square  mile  for  the  water- 
shed area. 

FACTORS  AFFECTING  RUN-OFF. 

The  chief  factors  affecting  the  rate  and  total  amount  of  run-off  are: 
Rainfall;  topograph}^;  the  size,  shape,  and  location  of  the  watershed; 
evaporation,  and  the  transpiration  of  plants;  climate  and  seasons; 
soil  and  geological  structure;  natural  reservoirs,  and  the  storage 
capacities  of  streams;  the  proportion  of  forest  and  open  land,  and  the 
nature  of  the  vegetable  growth;  the  manner  of  cultivation  of  farm 
lands,  and  the  particular  crops  planted;  and  artificial  improvements 
affecting  drainage.  A  discussion  of  these  factors  will  indicate  their 
influence  upon  run-off  in  the  St.  Francis  drainage  district. 

RAINFALL. 

This  is  the  most  important  element  to  be  considered  in  the  estima- 
tion of  run-off.  A  region  of  heavy  rainfall  also  will  be  one  of  heavy 
run-off;  and  the  variations  in  rainfall  must  be  reflected  in  the  amount 
of  water  which  reaches  the  outlet  channels.  An  examination  of  the 
rainfall  records  of  twenty-two  representative  stations  in  or  near  the 
watershed  in  Missouri  and  Arkansas  for  the  past  fifteen  years,  or  for 
such  parts  of  that  time  as  the  various  records  have  been  kept,  indicates 
that  the  mean  annual  rainfall  for  the  drainage  area  during  that  period 
is  46.67  inches.  Its  distribution  is  irregular,  however,  both  as  to 
time  and  as  to  location.  For  instance,  the  annual  rainfall  may  vary 
greatly  at  different  stations.  In  1893  the  total  rainfall  at  Cape 
Girardeau,  Mo.,  was  28.81  inches,  while  at  Brinkley,  Ark.,  it  was 
58.52  inches.  In  1899  the  rainfall  at  Cairo,  111.,  was  42.42  inches, 
and  in  New  Madrid  66.01  inches.  In  1902  the  rainfall  at  Cairo  was 
33.07  inches  and  at  Brinkley  57.65  inches.    Variations  in  the  amount 
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of  rainfall  for  the  same  stations  in  different  years  are  even  greater 
than  for  the  different  stations  during  the  same  year.  As  example  of 
this,  Brinkley  had  a  rainfall  of  33.46  inches  in  1901  and  of  74.78 
inches  in  1906.  At  Corning,  Ark.,  24.48  inches  fell  in  1901  and  63.83 
inches  in  1898.  At  Pocahontas,  Ark.,  25.81  inches  fell  in  1901  and 
68.04  inches  in  1898.  The  average  rainfall  for  the  entire  district  also 
varies  from  year  to  year.  The  year  of  1901  was  "dry"  with  an 
average  precipitation  for  all  stations  in  the  district  of  31.48  inches, 
while  1906  had  an  average  of  57.32  inches. 

These  and  other  comparisons,  which  can  be  seen  in  the  following 
table,  giving  the  annual  precipitation  for  each  station  and  the  average 
for  the  district  for  each  year,  indicate  the  extreme  variability  even  of 
the  total  annual  rainfall.  When  the  records  are  examined  by  shorter 
periods,  much  greater  diversity  is  found.  For  instance,  the  rainfall 
over  the  watershed  in  Missouri  for  November,  1894,  was  1.20  inches, 
while  for  the  same  month  in  1906  it  was  6.76  inches.  Again,  the  rain- 
fall during  any  month  may  be  four  or  five  times  as  great  at  one 
station  as  at  another,  and  the  variation  in  the  rainfall  between  two 
stations  during  any  given  storm  may  be  even  greater. 


Annual  rainfall  for  each  station  in  or  near  the  district,  with  average  for  the  district  for 
each  year,  1893  to  1908. 


Station. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

19C0. 

Birch  Tree  

Inches. 

Inches. 
42. 07 
30.  51 

Inches. 
50. 96 
33. 57 

Inches. 
34. 91 
39. 36 

Inches. 
55. 28 
44. 10 

Inches. 
56.  43 
48.66 

Inches. 
39.  63 
42.  42 

Inches. 
41.33 
36.  89 

48.  79 
28.  81 

Cape  Girardeau  

46.  47 

43. 60 

37. 77 

49. 13 

57. 80 

60.80 

43. 93 

46.62 
46.32 
50. 58 
55. 68 
39.  42 
51.25 
43. 54 

Marblp.  Hill  

41.  60 
44. 61 

42. 29 
48.68 
41. 57 
51.99 
37.50 

47.  26 
58.  92 
44.  43 
43. 62 
44. 96 

52. 58 
55.  69 
49.  78 
51.51 
43. 19 

60.09 
68.  40 
65.  30 
59.  64 
63.83 

44.02 
66. 01 
54.  78 
47. 77 
41.76 

New  Madrid  

Sikp.ston      

Brinkley  

58.  52 

53.92 
42.39 

Corning  

43. 80 

Earl  

Forrest  City  

58. 17 

54.  59 

45.  47 

50.70 

56.  77 
45. 99 

49.  40 
64. 21 

Jonpsboro   

45.83 

51.44 

T,nxora  1  

Marked  Tree  

Memphis  

44.  45 
51.59 

54.  52 
45. 10 

38.  59 
40. 25 

35.  00 
39. 87 

46. 03 

48. 89 
54. 90 

38.  99 
48.  78 

47.  42 

Osceola  

Pocahontas  

42. 44 

42. 19 

41. 44 

68. 04 

46.90 

37.  54 

Average  

47.  57 

45. 29 

42. 59 

44. 20 

50.  01 

59. 12 

46.  74 

45.  67 

Station. 

1901. 

1902. 

1903. 

1904. 

1905. 

1906. 

1907. 

1908. 

Birch  Tree  

Inches. 
22.  41 
31.68 

Inches. 
42.62 
33. 07 

Inches. 
45. 66 
32. 91 

Inches. 
42.  96 
32.00 

Inches. 
49.  77 
39.  48 

Inches. 
49.  56 
46. 92 

Inches. 
•38.  34 
45.  58 

Inches. 
<9.99 
38.  47 

Cairo  

Cape  Girardeau  

4L92 

41. 50 

48.39 

58.  78 

50. 87 

44.  36 
44.  30 
47.06 
52.49 
43.78 
49.76 

Farmington  

Goodland  

53. 17 

63.  67 

45  63 
49.  63 
55.  56 
58.  89 

47. 86 
43.  69 
46.  55 
50.  57 

Iron  ton  

2S.  71 

42.  40 



40.  32 
42.  44 
36.  40 

48.22 

Jackson  

31.73  |  40.72 
30.01  ,  37.98 

48.05  48.04 
43.89  i  48.64 

Marble  Hill  
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Annual  rainfall  for  each  station  in  or  near  the  district,  with  average  for  the  district  for 
each  year,  1893  to  1908— Continued. 


Station. 

1901. 

1902. 

1903. 

1904.   1   1905.       190:;.    I   1907.   |  1938. 

New  Madrid  

Sikeston  

Brinkley  

Corning  

I  Tl  t  heS . 

38.  33 

39.  22 
33.  iO 
24.  48 

7  h 

1  71  Cfl€S . 

44.  CO 
40.  44 
57.  05 
48.  08 

Inches. 

40.  54 

41.  98 
35. 24 
46.14 

Inches. 
42.  30 
44.  56 
42.  31 
38. 14 

Inches. 
50. 40 
48.14 
62. 95 

Inches. 
59.92 
56.51 
74.  78 
63. 53 

Inches. 
54. 09 
53.78 
58.75 

Inches. 
47. 99 
47.89 
43. 06 
46.  70 

Earl  

Forrest  City  

54.  47 
52.  59 

38. 98 
44.66 

43.14 
41.90 

64. 13 
50.  78 
40.  77 
55. 70 
55.85 

62. 95 
65.26 

52. 37 
53.  47 
37. 63 
48.  42 
41.55 

Jonesboro  

Luxora  

33.  30 

50.05 

Marked  Tree  

52. 20 
54. 31 

44.  40 
47.  46 

Memphis  

Osceola  

34. 58 
35. 52 

50. 32 

35. 56 

42. 56 

Paragould  

44. 83 
47.  76 

Pocahontas  

Average  

25.  81 

48.25 

39.  99 

57. 87 

62.  77 

62. 63 

47.  49 

31.48 

45.71 

41.02 

42. 25 

52.  36 

57.  32 

49. 13 

40.  33 

Normal  for  sixteen  years,  46.G7  inches. 

Greatest  above  normal,  in  1898=59.12— 46.67=  12. -;5  inches. 

Greatest  below  normal,  in  1901=46.67—31.48=15.19  inches. 


Yet,  while  rainfall  records  present  these  great  variations,  certain 
general  tendencies  are  well  defined.  The  months  of  March,  April,  and 
May  are  usually  "wet"  and  August,  September,  and  October  are 
usually  "dry,"  while  the  rainfall  of  the  intervening  months  varies 
from  year  to  ye&r.  The  mean  average  rainfall  for  October,  the  driest 
month,  over  the  entire  watershed  is  about  2.5  inches,  while  that  for 
March  is  about  5.5  inches. 

As  run-off  is  directly  dependent  upon  rainfall,  and  as  the  rainfall 
which  may  occur  at  any  time  can  not  be  determined  within  wide  limits, 
it  is  seen  that  an  exact  determination  of  run-off  is  impossible.  How- 
ever, in  order  that  drainage  should  be  thorough,  it  must  be  sufficient 
in  time  of  extreme  storms;  and  if  an  examination  of  these  indicates  a 
certain  uniformity  of  maximum  rainfall,  some  intelligent  conclusions 
may  be  reached  as  to  the  run-off  to  be  provided  for.  In  the  table 
following  is  given  a  record  of  the  12  greatest  storms  in  this  watershed 
in  a  period  of  sixteen  years. 

Of  the  12  storms  recorded  in  the  table,  2  occurred  in  November,  2 
in  December,  1  in  December  and  January,  2  in  January,  3  in  March, 
1  in  May,  and  1  in  May  and  June.  During  the  heaviest  storm  of  this 
period,  in  November,  1906,  an  average  precipitation  occurred  over 
the  district  of  7.3  inches  in  five  days.  During  the  next  heaviest 
storm,  in  May  and  June,  1893,  the  average  rainfall  over  the  water- 
shed in  eleven  days  was  10.5  inches.  The  records  indicate  rainfalls 
of  6  to  7  inches  in  one  da}T  at  single  stations,  but  these  extreme 
storms  are  usually  local.  The  greatest  daily  amount  for  the  entire 
district  during  this  period  was  2.6  inches.  On  sixteen  days  during 
the  12  storms  recorded,  the  mean  precipitation  for  the  entire  district 
reached  1.5  inches  or  more  in  twenty-four  hours. 
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The  relation  of  rainfall  to  run-off  depends  upon  numerous  factors 
discussed  below,  but  it  may  be  said  in  general  that  in  this  region 
during  a  heavy  storm  from  25  to  SO  per  cent  of  the  rainfall  in  the 
various  sections  will  enter  the  streams  as  run-off,  the  least  propor- 
tion occurring  in  loose  and  well-drained  sandy  soil  having  a  large 
storage  capacity  and  the  greatest  in  hilly  or  mountainous  regions. 

TOPOGRAPHY  AXD   GROUXD  SURFACES 

It  is  very  evident  that  hilly  and  mountainous  land  will  have  a 
greater  rate  of  run-off  during  storms  than  will  flat  land,  and,  in  fact, 
this  difference  is  very  marked  in  many  instances.  There  are  obviously 
no  distinct  lines  between  the  different  classes  of  topography,  but  in 
general  three  characteristic  divisions  may  be  noted.  First  is  the 
rugged  or  precipitous  mountain  and  hill  land,  from  which  the  run-off 
is  torrential.  Here  the  streams,  which  form  narrow  gullies  between 
ranges  of  hills,  have  steep  channel  slopes  of  2  to  10  feet  or  more  to 
the  mile.  The  water  which  falls  as  rain  finds  its  way  to  the  gullies 
and  water  courses,  and  within  a  few  hours  after  falling  is  in  the  main 
channels  on  its  way  to  the  outlet.  In  such  cases  the  extreme  flood  at 
the  outlet  from  an  area  of  500  to  1,000  square  miles  may  occur  six 
to  twenty-four  hours  after  the  heaviest  rainfall.  From  such  areas  a 
run-off  of  an  inch  in  depth  over  the  entire  watershed  in  twenty-four 
hours  is  not  uncommon,  while  run-off s  of  2  and  even  3  inches  in 
twenty-four  hours  have  been  recorded.  The  second  class  includes 
areas  which,  while  not  uniformly  precipitous,  are  rolling,  have  sur- 
face slopes  of  10  to  50  feet  to  the  mile,  and  are  cut  by  numerous 
streams  or  gullies.  Here  the  water  gathers  quickly  after  storms,  and 
the  extreme  flood  flow  from  areas  of  500  to  1.000  square  miles  may 
occur  in  one  to  three  days  after  the  time  of  greatest  rain.  From 
such  areas,  run-offs  of  one-half  to  three-quarters  of  an  inch  from  the 
entire  watershed  in  twenty-four  hours  are  not  uncommon  in  the 
central  United  States,  and  run-offs  of  twice  this  amount  sometimes 
occur.  The  third  class  includes  flat  lands  having  little  or  no  appre- 
ciable surface  slope.  Here  the  maximum  rate  of  run-off  depends 
very  largely  upon  other  conditions  which  will  be  discussed,  and  may 
vary  for  areas  of  500  to  1.000  square  miles  from  0.05  to  0.30  inch  in 
t  wen ty-f our  hours . 

Aside  from  the  general  topography,  the  condition  of  the  ground 
surface  has  much  to  do  with  the  rate  of  run-off.  A  clean  surface, 
over  which  the  water  can  find  its  way  without  difficulty,  and  one 
filled  with  gullies  and  small  channels,  will  have  a  quicker  run-off 
than  a  surface  covered  with  loose  rock  and  debris  and  having  no 
well-defined  channels  for  carrying  water. 
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THE  SIZE,   SHAPE,   AND  LOCATION  OF  WATERSHED  AREAS. 

Large  watersheds  may  be  counted  on  as  having  lower  rates  of  run- 
off than  smaller  ones :  First,  because  most  extreme  storms  are  usually 
local,  so  that  where  an  area  of  50  square  miles  may  have  a  rainfall 
of  3  inches  in  twenty-four  hours,  an  area  of  1,000  square  miles  during 
this  same  period  will  probably  have  an  average  precipitation  of  not 
more  than  half  that  amount.  This  localization  of  extreme  rainfalls 
is  so  general  that  it  may  be  depended  on  in  calculating  run-offs  of 
very  large  areas;  second,  in  a  large  watershed  local  conditions  as  to 
topography  and  other  factors  influencing  run-off  counterbalance  each 
other.  A  small  area  may  happen  to  combine  many  elements  which 
tend  to  produce  a  large  run-off,  while  in  larger  areas  some  parts  will 
have  larger  run-off  than  others,  and  that  of  the  area  as  a  whole  will 
be  less  than  that  of  portions  having  the  more  extreme  conditions; 
third,  the  run-off  of  the  various  parts  will  never  coincide  exactly  in 
point  of  time.  That  is,  on  account  of  the  difference  in  length-  of 
time  required  to  reach  the  outlet,  the  water  falling  nearest  the  outlet 
will  pass  away  before  that  from  a  greater  distance,  and  so  the  flood 
flow  will  be  moderated.  Formulas  for  estimating  the  rate  of  run-off 
according  to  the  size  of  the  watershed  find  their  justification  in  these 
facts. 

The  shape  and  location  of  a  watershed  also  affect  the  rate  of  run-off. 
A  drainage  area  having  a  fan-shaped  outline,  with  numerous  tribu- 
tary channels  uniting  to  form  an  outlet  at  the  small  end  of  the  fan, 
will  have  a  comparatively  high  run-off,  because  water  from  the 
greater  part  of  the  area  will  be  concentrated  in  the  main  channel.  On 
the  other  hand,  in  a  long,  narrow  drainage  area  the  flow  will  be 
distributed  over  a  longer  time,  on  account  of  the  difference  in  time 
required  for  the  water  in  different  parts  to  reach  the  outlet. 

EVAPORATION  AND  THE  TRANSPIRATION  OF  PLANTS. 

As  practically  all  water  falling  upon  a  drainage  area  either  passes 
out  of  the  district  in  its  water  courses  or  is  evaporated,  it  is  seen 
that  evaporation  is  a  very  important  factor  to  consider  in  planning 
drainage  improvements.  While  the  knowledge  of  the  subject  is 
somewhat  limited,  it  is  believed  that  in  the  lower  Mississippi  Valley 
evaporation  from  water  surfaces  amounts  to  from  2  to  4  feet  in  a 
year.  The  rate  of  evaporation  is  very  much  greater  in  summer  than 
in  winter,  in  windy  than  in  still  weather,  and  is  more  rapid  from 
exposed  surfaces  than  from  those  which  are  sheltered.  In  the  lower 
Mississippi  Valley,  as  a  rule,  the  wet  season  occurs  during  the  winter 
and  spring,  when  evaporation  is  least,  and  the  run-off  of  this  season 
is  correspondingly  large. 

Probably  the  greater  part  of  the  water  evaporated  from  the  St. 
Francis  drainage  area  is  tliat  which  is  removed  from  the  soil  by 
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plants,  and  is  evaporated  from  their  leaves.  This  process  is  commonly 
called  transpiration.  While  studies  and  estimates  of  the  water 
removed  by  growing  plants  have  been  made  for  many  years,  only  the 
most  general  knowledge  of  the  subject  is  available.  It  has  long  been 
noted  in  the  warmer  parts  of  the  United  States  that  when  the  leaves 
come  out  in  the  spring  the  water  level  in  many  streams  and  swamps 
begins  to  fall,  while  the  dropping  of  the  leaves  in  the  fall  is  com- 
monly accompanied  by  a  definite  rise  of  from  a  few  inches  to  a  foot 
or  more  in  the  water  levels  of  streams  and  sloughs.  Careful  experi- 
ments have  been  made  in  France,  southern  Russia,  and  India  to 
determine  the  difference  in  ground  water  level  at  the  end  of  the 
growing  season  in  tracts  of  forest  and  of  cleared  land  lying  side  by 
side  and  similar  in  ail  other  respects.  It  has  been  found  that  at  the 
end  of  the  growing  season  the  ground  water  level  in  wooded  tracts 
may  be  from  2  to  12  feet  lower  than  that  of  open  tracts  adjoining, 
this  difference  being  due  to  the  removal  of  water  from  the  soil  by 
forest  growths. 

In  addition  to  the  amount  of  water  taken  from  the  soil  and  evap- 
orated through  the  leaves  of  deciduous  forest  trees  a  considerable 
amount  of  the  summer  rainfall,  estimated  by  forestry  experts  at 
perhaps  about  40  per  cent,  never  reaches  the  soil,  but  being  caught 
by  the  leaves  is  again  evaporated  into  the  air. 

It  is  seen,  therefore,  that  the  amount  of  rainfall  to  be  carried  away 
by  the  drainage  system  of  a  forested  area  is  less  for  the  entire  year 
than  from  a  similar  area  of  cleared  land;  and  that  a  drainage  system 
which  is  abundantly  sufficient  for  forest  areas  may  be  found  to  be 
too  small  when  the  land  is  cleared  and  put  into  cultivation.  It 
often  happens,  however,  that  the  surface  of  the  soil  dries  out  more 
quickly  in  cleared  and  cultivated  land  than  in  woods.  This  is 
because  cultivated  land  usually  has  surface  ditches  or  other  pro- 
visions for  carrying  rain  water  to  run-off  channels,  and  because  the 
surface  soil  dries  out  quickly  in  sun  and  wind,  whereas  in  woodland 
water  taken  up  by  roots  is  from  the  lower  soil. 

CLIMATE   AND  SEASONS. 

As  stated  before,  the  flood  run-off  of  this  region  is  large  because 
the  rainy  season  occurs  in  the  winter  and  spring  season,  when  evap- 
oration is  low.  It  happens  also  that  in  the  spring,  when  the  accumu- 
lated water  of  the  winter  season  is  still  on  the  ground,  the  soil  must 
be  cultivated.  At  this  time,  also,  young  plants  of  cotton  and  other 
crops  will  most  easily  be  damaged.  It  is  necessary,  therefore,  in 
planning  a  drainage  system,  to  provide  for  thorough  relief  during 
the  spring  months;  and  a  system  which  is  sufficient  for  this  season 
will  be  adequate  for  all  other  parts  of  the  year. 
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SOIL  AND  GEOLOGICAL  STRUCTURE. 

The  run-off  of  this  region  is  very  greatly  influenced  by  the  char- 
acter of  the  soil.  The  heavy  loam  clay  of  Crowleys  Ridge  and  the 
adjoining  territory  absorbs  very  little  water,  and  nearly  all  that  falls 
as  rain  either  passes  off  in  the  flood  flow  or  remains  on  the  ground 
until  it  is  evaporated.  The  stream  channels  in  this  soil  carry  very 
little  water,  except  immediately  after  rains.  In  the  sandy  lands  of 
southeastern  Missouri,  however,  a  very  different  condition  exists. 
Here  the  drainage  ditches  carry  a  very  even  flow  throughout  the 
entire  year,  the  greatest  in  some  of  them  being  not  more  than  three 
or  four  times  the  least.  Careful  observations  in  the  St.  Francis 
drainage  district  lead  to  the  conclusion  that  the  run-off  of  most  of 
that  area,  except  along  Crowleys  Ridge,  and  in  some  places  near  the 
Mississippi,  while  not  so  well  distributed  as  that  of  southeastern 
Missouri,  will  yet  be  quite  nearly  uniform.  An  instance  of  this 
condition  was  noted  while  the  survey  was  in  progress.  In  Xovember, 
1908,  4  inches  of  rain  fell  in  twenty-four  hours,  following  a  long  dry 
spell.  On  Crowleys  Ridge  and  over  the  region  of  clay  soil,  flood 
conditions  at  once  followed.  Several  highway  bridges  were  washed 
away,  and  considerable  damage  resulted  from  high  water  in  the 
streams.  On  the  day  following  the  rain,  careful  observations  were 
made  as  to  the  results  of  the  rain  storm,  and  similar  information 
was  secured  from  men  in  the  field.  The  investigation  developed  that 
this  very  heavy  rain,  which  had  resulted  in  flood  conditions  in  clay 
regions,  had  produced  almost  no  run-off  whatever  on  the  lighter  soil 
of  the  interior  of  the  district,  but  passed  immediately  into  the  soil, 
except  where  the  ground  was  already  saturated.  It  seems,  therefore, 
that  in  the  lower  parts  of  the  region  having  a  sandy  soil,  drainage 
ditches  will  have  a  fairly  uniform  flow  of  ground  water,  and  that 
sudden  floods  after  heavy  storms  will  not  occur. 

NATURAL  RESERVOIRS   AND   STORAGE   CAPACITIES   OF  STREAMS. 

The  St.  Francis  watershed  has  very  few  natural  depressions  and 
channels  which  will  serve  to  moderate  flood  flow.  The  most  im- 
portant is  the  channel  of  the  St.  Francis  River  from  the  point  where 
it  leaves  the  Ozarks  to  the  northern  boundary  of  the  district.  So 
far  as  their  storage  capacity  is  concerned,  the  ditches  and  channels 
within  the  district,  except  the  floodway  and  reservoir  system,  will 
have  very  little  effect  upon  run-off. 

FORESTS. 

The  increase  of  evaporation  due  to  forests  has  already  been  re- 
ferred to.  They  tend  to  reduce  moderate  floods,  moreover,  by 
obstructing  the  water  as  it  flows  over  the  surface  of  the  ground, 
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requiring  a  longer  time  for  it  to  reach  outlet  channels.  In  many 
parts  of  the  South  a  cutting  away  of  the  forests  has  resulted  in  a 
vast  amount  of  hillside  erosion,  and  this,  in  turn,  has  caused  floods 
to  be  more  torrential.  A  careful  examination  was  made  of  the  upper 
watershed  of  the  St.  Francis  River  to  determine  what  would  be  the 
effect  of  a  further  clearing  away  of  the  forests  of  that  region  upon 
floods  in  the  river.  The  conclusion  was  reached  that  little  hillside 
washing  would  take  place,  and  that  no  noticeable  increase  of  floods 
would  result  from  such  a  change.  About  the  town  of  Iron  Moun- 
tain, Mo.,  the  forests  were  formerly  cut  off  to  produce  charcoal  for 
smelting  purposes.  It  is  said  that  in  this  charcoal  production  all 
parts  of  the  trees  were  used,  and  even  the  leaves  were  raked  together 
and  used  in  making  the  coal  pits.  Yet  over  this  area  a  new  growth 
has  come  up,  and  little  evidence  of  hillside  washing  exists.  It  seems 
safe  to  assume  that  flood  conditions  in  the  hill  regions  of  the  St. 
Francis  River  will  not  be  changed  materially  in  the  future. 

MEASUREMENT  AND  ESTIMATION  OF  RUN-OFF. 

After  taking  into  consideration  the  factors  which  affect  run-off, 
and  after  examining  the  records  of  run-off  of  other  watersheds  in 
drained  and  undrained  land,  estimates  were  made  of  the  amount  of 
water  which  must  be  carried  from  this  watershed  by  a  completed 
system  of  drainage. 

The  entire  drainage  area  was  divided  into  four  parts  in  estimating 
the  rate  of  run-off,  as  follows : 

The  flat  lands  of  the  main  drainage  area;  the  clay  lands  east  of 
Crowleys  Ridge;  Crowleys  Ridge;  and  the  watershed  of  the  St. 
Francis  River  in  the  Ozarks. 

In  estimating  the  run-off  from  the  flat  lands  of  the  district  it 
is  assumed,  as  a  result  of  these  investigations,  that  the  rainfall 
for  the  entire  district  will  not  exceed  12  inches  a  month,  and 
that  for  large  areas  of  well-drained  land  not  more  than  half  of  this 
maximum  rainfall  will  run  off  during  any  one  month.    The  run-off 
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for  these  flat  areas  was  estimated  by  the  formula  C=  7jjj+6>  m 

which  C  equals  the  run-off  in  cubic  feet  per  second  per  square  mile, 
and  M  equals  the  drainage  area  in  square  miles.  The  largest  areas 
to  which  this  formula  is  applied  are  those  draining  into  the  Tyronza 
River  and  into  the  old  channel  of  the  St.  Francis  River.  Here  the 
drainage  areas  are  400  and  310  square  miles,  respectively,  and  the 
estimated  rates  of  run-off  are  7.2  and  7.4  cubic  feet  per  second  per 
square  mile,  or  a  little  more  than  a  fourth  of  an  inch  from  the  entire 
watershed  in  twenty-four  hours.  Rates  of  run-off  per  square  mile 
for  other  areas  according  to  this  formula  would  be,  100  square  miles, 
8.4  cubic  feet  per  second;  50  square  miles,  9.4  cubic  feet  per  second; 
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10  square  miles ,  13.6  cubic  feet  per  second.  The  rate  of  run-off  will 
vary  to  a  considerable  extent  in  different  parts  of  the  interior  of  the 
district,  being  greater  from  clay  land  in  cultivation  in  the  vicinity 
of  Luxora  than  from  sandy  woodland  in  the  interior.  It  is  believed, 
however,  that  the  formula  given  above  will  approximately  indicate 
the  run-off  from  exceptionally  heavy  rains  for  the  more  adverse 
conditions  throughout  the  area  to  which  it  is  applied.  A  more 
detailed  examination  of  the  soil  may  indicate  many  minor  variations, 
especially  in  the  rate  of  run-off  from  the  lighter  soils,  which  probably 
never  will  reach  that  indicated  by  the  formula. 

The  rate  of  run-off  from  any  given  tract  will  change  from  year  to 
year  as  clearing  and  cultivation  increase  and  drainage  becomes  more 
thorough.  It  is  impossible  to  estimate  with  exactness  how  the 
different  factors  which  affect  run-off  will  balance  each  other,  or  just 
what  changes  in  run-off  conditions  will  occur  in  the  future.  In 
planning  the  drainage  system,  therefore,  a  factor  of  safety  is  used 
to  insure  the  drainage  channels  being  large  enough,  even  under 
adverse  conditions. 

An  examination  of  that  part  of  the  district  just  east  of  Crowleys 
Ridge  indicates  that  this  area  will  have  a  far  greater  run-off  than  the 
main  part  of  the  district.  The  soil  here  is  a  dense  clay  loam  which 
absorbs  very  little  water,  and,  with  a  considerable  surface  slope  to 
the  east,  the  run-off  is  comparatively  rapid.  The  flood  discharge 
from  this  area  is  estimated  to  be  twice  as  great  as  that  from  the  main 
part  of  the  district  above  described.  On  Crowleys  Ridge  the  run-off 
will  be  still  greater,  as  here  are  an  impervious  soil,  steep  surface 
slopes,  and  numerous  gullies  to  serve  as  drainage  channels.  The 
run-off  of  this  part  is  estimated  to  be  three  times  as  great  as  that  from 
the  main  part  of  the  district.  It  is  quite  probable  that  a  more 
extended  investigation  will  indicate  a  still  greater  run-off  for  Crow- 
leys Ridge.  However,  it  seems  possible  to  construct  collecting  ditches 
along  the  base  of  Crowlevs  Ridge,  with  continuous  waste  banks  on 
the  east  side,  so  that  the  ditches  as  planned  will  be  fully  sufficient. 

In  estimating  the  hill  run-off  of  the  St.  Francis  River  in  Missouri 
comparison  was  made  with  the  flood  discharges  of  many  mountain 
and  hill  streams.  Visits  were  made  to  the  mountain  and  hill  areas 
drained  by  the  Connecticut,  Kennebec,  Merrimac,  and  Hudson 
rivers  in  the  northeastern  part  of  the  United  States;  the  Potomac  in 
Maryland  and  West  Virginia;  the  Little  Wabash  in  Illinois;  and  the 
Cold  Water  and  Tallahatchie  rivers  of  Mississippi,  on  all  of  which 
streams  flood  measurements  had  been  made,  and  comparisons  of  the 
watersheds  of  these  streams  with  that  of  the  upper  St.  Francis  were 
made. 

Extreme  flood  flows  from  these  streams  have  varied  from  half  an 
inch  to  3  inches  or  more  from  the  entire  watershed  in  twenty-four 
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hours,  according  to  the  best  available  records.  The  highest  rate  has 
been  recorded  only  on  streams  draining  precipitous  hilly  or  moun- 
tainous regions,  or  where  melting  snow  has  added  to  the  run-off. 

The  mountain  drainage  area  of  the  St.  Francis  consists  for  the 
most  part  of  rounded  hills  or  low  mountains,  separated  by  valleys 
from  a  few  hundred  feet  to  a  mile  or  more  wide.  The  valleys  are 
not  flat,  but  have  a  surface  slope  of  10  to  100  feet  or  more  to  the 
mile  toward  the  stream  channels.  Perhaps  three-quarters  of  the 
surface  is  wooded,  and  may  remain  so  for  many  years  to  come.  The 
soil  over  much  of  the  area  is  clay  or  disintegrated  quartz  rock. 
Floods  from  melting  snows  have  seldom  if  ever  occurred.  The 
drainage  area  in  the  hills  is  about  1,500  square  miles.  The  water- 
shed is  long  and  narrow,  the  distance  from  the  source  to  the  upper 
end  of  the  proposed  district  by  the  river  channel  being  perhaps  250 
miles,  though  the  river  when  leveed  will  receive  no  drainage  along 
the  lower  half  of  this  distance.  As  stated  under  the  discussion  of 
rainfall,  the  greatest  rainfall  recorded  over  the  area  of  the  upper  St. 
Francis  Valley  during  the  past  fifteen  years  was  2.6  inches  in  twenty- 
four  hours,  and  1.5  inches  a  day  for  five  days.  As  from  three  to  five 
days  are  required  for  water  from  the  extreme  upper  end  of  the  water- 
shed to  reach  the  district,  and  as  the  floods  are  modified  in  flowing 
this  distance  by  filling  up  the  channel,  it  seems  safe  to  say  that  not 
more  than  an  inch  of  water  in  twenty-four  hours  from  the  entire  hill 
area  will  ever  reach  the  upper  border  of  the  proposed  drainage  dis- 
trict. This  amount  compares  favorably  with  the  results  reached 
by  a  comparison  of  this  watershed  with  the  others  mentioned.  In 
order  to  provide  a  factor  of  safety  for  extreme  storms,  it  was  decided 
to  estimate  the  flow  at  the  base  of  the  mountains  as  follows: 

A  uniform  high-water  flow  of  J  inch  in  twenty-four  hours  from  the 
entire  watershed  is  assumed,  increasing  to  the  following  storm 
run-off:  First  and  second  days,  \  inch  run-off;  third  day,  §  inch; 
fourth  day,  1  inch;  fifth  and  sixth  days,  \  \  inches;  seventh  day,  1  inch; 
eighth  day,  f  inch;  ninth  and  tenth  days,  \  inch.  Continued  storm 
run-off  of  |  inch. 

It  is  believed  that  this  assumed  case  will  cover  the  greatest  storm 
which  will  ever  occur  over  the  watershed.  However,  the  levees  of 
the  floodway  and  reservoir  are  planned  to  be  of  such  height  and 
dimensions  that  50  per  cent  could  be  added  to  this  run-off  without 
endangering  them. 

The  run-off  from  this  hill  area  may  never  be  more  than  half  the 
amount  estimated,  but  where  exact  information  can  not  be  had  the 
only  safe  course  is  to  plan  the  work  of  such  dimensions  as  to  make 
failure  practically  impossible. 

Further  surveys  and  investigations  may  indicate  the  advisability 
of  reducing  these  estimates  of  run-off  to  some  extent.  Gaugings 
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were  not  taken  on  the  upper  St.  Francis  River  during  the  survey 
because  of  lack  of  funds.  Such  gaugings,  if  made,  would  be  of  but 
limited  service,  because,  in  order  to  insure  the  absolute  safety  of  the 
floodway  and  levee  system,  it  is  necessary  to  provide,  not  for  the 
greatest  flood  of  a  season,  but  for  the  greatest  which  may  occur  at 
any  time  in  the  future.  A  series  of  gaugings  would  have  furnished 
a  basis  for  comparison,  and  it  is  hoped  that  they  may  be  made  as 
part  of  a  complete  survey. 

CHANGES   WHICH  WILL  OCCUR  IN  RUN-OFF  CONDITIONS. 

In  many  drainage  districts  it  is  possible  to  estimate  the  future 
run-off  by  that  which  has  occurred  in  the  past,  but  in  this  case  such 
a  course  is  not  possible  for  the  following  reasons: 

(1)  The  plans  of  the  Little  River  drainage  district  in  Missouri 
include  provisions  for  diverting  the  run-off  from  1,500  square  miles 
of  hill  area  from  the  Little  River  Valley  and  into  the  Mississippi 
River  at  Cape  Girardeau.  This  will  tend  to  lessen  the  flow  in  the 
Little  River  channel. 

(2)  The  plans  for  the  Little  River  district  contemplate,  also,  a 
complete  system  of  drainage  for  the  flat  lands  of  the  district,  carrying 
all  of  this  water  to  Big  Lake  at  the  state  line.  The  tendency  of  this 
work  will  be  to  cause  a  quicker  run-off  and  to  create  flood  conditions 
in  Arkansas. 

(3)  Numerous  other  ditches  are  being  constructed  in  Missouri 
which  will  tend  to  aggravate  flood  conditions  at  the  state  line. 

(4)  At  present  a  large  part  of  the  mountain  drainage  of  the  St. 
Francis  River  in  Missouri  overflows  that  channel  through  some  low 
breaks  in  the  bank,  and  reaches  Black  River  or  Cache  River.  With 
the  leveeing  of  this  stream  this  water,  which  now  never  reaches  the 
district,  will  be  held  in  the  channel,  and  other  water  which  now  over- 
flows the  channel  on  the  east  side  will  reach  the  district  more  quickly 
on  being  restrained. 

(5)  The  St.  Francis  reservoir  will  restrain  and  regulate  floods, 
causing  a  lower  maximum  flow  in  the  lower  St.  Francis  than  would 
occur  were  the  district  "planned  without  a  reservoir. 

(6)  Under  present  conditions  the  entire  interior  of  the  district 
acts  as  a  storage  reservoir  during  the  wet  season,  as  it  is  overflowed 
to  a  depth  of  several  feet.  The  drainage  and  protection  of  this  land 
will  tend  to  increase  the  discharge  from  the  district. 

(7)  The  clearing  and  cultivation  of  the  land  will  change  run-off 
conditions  very  materially,  probably  tending  to  increase  the  maxi- 
mum flow  in  the  ditches. 

(8)  The  completion  of  the  proposed  drainage  system  will  change 
the  run-off  conditions  throughout  the  district,  increasing  the  rate 
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from  areas  of  heavy  soil,  and  perhaps  causing  a  slower  run-off  from 
light  sandy  soils. 

The  total  effect  of  all  these  changes  can  not  be  ascertained  defi- 
nitely in  advance  of  their  occurrence,  but  it  is  certain  that  run-off 
conditions  in  the  future  in  this  district  can  not  be  judged  accurately 
from  those  which  exist  at  present. 

CONSTRUCTION  METHODS  AND  COST. 

GENERAL  PHYSICAL  FEATURES. 

The  St.  Francis  Valley  within  the  proposed  district  is  a  flat  plain 
with  few  local  irregularities.  The  network  of  bayous  and  brakes 
characteristic  of  alluvial  lands  farther  south  in  the  Mississippi  Valley 
is  lacking  here.  The  lateral  ditches  will  be  quite  uniform  in  depth, 
ranging  with  few  exceptions  from  7  to  10  feet.  Many  of  the  shorter 
ditches  can  be  dug  either  upstream  or  downstream  as  is  more  con- 
venient. By  a  proper  planning  of  the  construction  sufficient  water 
for  floating  dredges  can  be  had  in  nearly  all  parts  of  the  district.  On 
the  other  hand,  by  working  upstream  from  the  lower  end  sufficiently 
complete  drainage  can  be  secured  for  constructing  the  levees  and 
ditches  along  the  floodway  w^ith  land  machines.  Perhaps  90  per  cent 
of  the  proposed  work  is  in  wooded  land.  As  the  main  drains  and 
floodway s  are  located  on  the  lowest  land,  the  heaviest  timber  will  not 
be  encountered  over  a  large  part  of  the  main  system.  In  the  con- 
struction of  lateral  ditches  the  ordinary  timber  of  the  country  must 
be  removed. 

The  numerous  railroads  afford  a  means  for  supplying  fuel  to  the 
excavating  machines,  but  very  few  railroads  of  importance  will  have 
to  be  crossed  on  the  work.  The  few  wagon  roads  in  the  interior  of 
the  district  are  in  poor  condition  during  most  of  the  year.  The  first 
six  months  of  the  year  cover  the  wet  season,  while  August,  Septem- 
ber, and  October  are  usually  dry.  It  is  customary  to  operate  dredges 
throughout  the  entire  year,  but  conditions  for  work  are  most  unfa- 
vorable during  July,  August,  and  September,  and  it  might  be  found 
profitable  to  stop  work  during  this  period,  allowing  the  .working 
force  to  spend  those  months  where  sanitary  conditions  are  more 
favorable.  During  other  parts  of  the  year  health  conditions  are  as 
good  as  in  any  other  part  of  the  country. 

CHARACTER  OF  EARTH. 

Perhaps  90  per  cent  of  the  excavation  required  on  this  project  is  in 
the  ordinary  alluvial  soil  of  the  upper  St.  Francis  Valley,  and  a 
description  of  this  type  will  indicate  in  general  the  soil  conditions  to 
be  encountered.  This  soil  contains  absolutely  no  rock  and  no  hard- 
pan.    The  partial  investigation  made  and  the  experience  of  dredge 
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men  indicate  that  little  if  any  sunken  timber  will  be  encountered. 
The  soil  itself  varies  from  a  stiff  clay  to  a  light  sandy  loam.  In  some 
places  there  are  considerable  bodies  of  sand,  but  as  a  rule  this  occurs 
in  thin  layers,  alternating  with  loam  or  clay. 

With  one  or  two  exceptions  which  could  not  be  avoided  no  ditches 
in  the  entire  system  were  planned  to  be  more  than  10  feet  deep. 
Perhaps  50  miles  of  ditches  have  already  been  constructed  in  various 
parts  of  the  district.  Generally  the  ditch  banks  remain  permanently 
in  about  the  same  condition  as  they  appear  a  }^ear  after  construction; 
during  construction,  as  a  rule,  they  do  not  cave  to  a  serious  extent, 
and  the  filling  of  the  ditch  during  construction  is  not  a  serious  matter. 
The  waste  banks  hold  their  shape  with  side  slopes  of  1  or  2  to  1  for 
indefinite  periods. 

About  the  only  opportunity  in  the  interior  to  observe  the  ability 
of  the  ground  to  hold  a  fill,  such  as  the  levees  which  are  planned 
along  the  floodway,  is  seen  where  the  St.  Louis  and  San  Francisco 
Railroad  crosses  the  St.  Francis  bottoms.  Here  a  fill  of  20  feet  or 
more  extends  through  the  lowest  and  wettest  lands  of  the  district. 
No  tendency  to  unusual  settling  or  to  a  bulging  of  the  adjacent 
ground  has  been  observed  on  this  road.  At  a  point  on  the  Iron 
Mountain  Railroad  east  of  Parkin  a  fill  has  caused  the  adjacent  ground 
to  slide  and  to  bulge  upward  to  a  height  of  6  feet  or  more.  It  is 
doubtful  if  this  difficulty  would  have  occurred  had  a  fill  been  con- 
structed with  as  flat  side  slopes  as  are  planned  for  the  floodway 
levees.  However,  it  may  be  that  at  some  points  along  the  line  of 
the  proposed  floodway  this  difficulty  will  be  met,  and  a  survey  for 
definitely  locating  the  floodway  should  include  a  careful  examina- 
tion of  subsurface  conditions,  with  the  object  of  avoiding,  as  far  as 
possible,  any  construction  on  an  unstable  foundation.  It  is  believed 
that  such  a  location  can  be  made  without  materially  increasing  the 
length  of  the  levees. 

Considered  as  a  material  for  levee  building,  this  soil  will  compare 
favorably  with  that  along  the  Mississippi  River  front,  of  which  the 
river  levees  are  constructed.  They  will  not,  however,  be  subjected 
to  as  severe  tests  as  the*  Mississippi  levees,  as  the  larger  floods  will 
occur  only  once  in  several  years  and  will  last  but  a  few  days,  so  that 
the  levee  sections  will  not  become  saturated  except  at  the  base. 

The  fact  that  most  of  this  area  is  timbered  adds  to  the  cost  and 
difficulties  of  excavation  to  such  an  extent  that  the  contract  price 
will,  on  the  whole,  be  perhaps  1  cent  a  yard  higher  on  account  of 
timber;  but,  aside  from  this  factor,  it  is  the  opinion  of  dredge  men  of 
large  experience  in  this  region  that  no  better  soil  for  dipper  dredge 
excavation  is  found  in  the  United  States.  For  hydraulic  dredge 
excavation  the  only  adverse  factor  in  the  soil  conditions  is  the  cost 
of  removing  stumps  and  roots,  and  the  same  may  be  said  of  excava- 
tion by  drag  scraper  excavators. 
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THE  COST  OF  CLEARING. 

Almost  all  the  proposed  work  is  through  wooded  land.  Over  the 
route  of  a  part  of  the  ditches  the  trees  are  small  and  scattering,  and 
the  clearing  of  right  of  war  will  be  a  small  item:  over  a  large  area 
the  timber  is  the  usual  hardwood  growth  found  in  that  region,  while 
in  a  few  instances  the  right  of  way  follows  cypress  brakes  where  clear- 
ing will  be  difficult. 

It  is  assumed  that  in  clearing  the  right  of  way  for  the  floodways 
and  for  the  larger  ditches,  skidding  machines  or  other  devices  for 
removing  timber  will  be  used.  Along  the  line  of  the  floodway  it 
may  prove  economical  to  construct  a  light  temporary  railroad  for 
removing  timber  and  facilitating  the  clearing.  The  clearing;  of  right 
of  way  by  cutting  stumps  low  and  removing  or  burning  trunks  and 
branches  is  estimated  at  $20  per  acre  for  all  the  work  proposed,  ex- 
cepting lateral  ditches  to  be  constructed  with  dipper  dredges,  in 
which  case  the  clearing  of  right  of  way  is  included  in  the  cost  of  exca- 
vation. About  25  feet  of  the  levee  base  will  be  cleared  of  stumps  in 
digging  the  muck  ditch  with  a  dipper  dredge.  As  most  of  the  levee 
base  will  be  continually  wet,  and  not  alternately  wet  and  dry,  as  is 
the  case  with  the  Mississippi  levees,  it  is  not  thought  necessary  to 
grub  stumps  for  the  remaining  part,  except  those  of  cottonwood 
and  other  similar  timber  which  decays  most  quickly.  Other  stumps 
should  be  cut  close  to  the  ground. 

It  will  be  necessary  to  remove  stumps  from  the  ditch  section  in 
order  to  operate  successfully  either  suction  dredges  or  drag  scraper 
dredges.  Such  clearing  is  estimated  to  cost  $150  an  acre  in  addition 
to  the  excavation.  Very  little  cypress  will  be  found  along  these 
ditch  lines  and  most  of  the  other  trees  have  shallow  roots.  Little  or 
no  timber  is  believed  to  be  at  a  distance  below  the  surface. 

In  making  an  estimate  of  the  cost  of  clearing  timber  from  the 
right  of  way,  the  principal  lumbering  firms  of  the  district  were  con- 
sulted, and  the  opinion  was  expressed  by  nearly  all  of  them  that  the 
work  can  be  done  for  less  than  the  estimate  used  in  this  report. 

FUEL. 

Wood  is  available  for  fuel  in  nearly  all  parts  of  the  district;  at  a 
cost  of  75  cents  to  SI. 25  a  cord,  delivered  on  the  right  of  way.  It  is 
expected  that  wood  may  be  used  for  fuel  in  constructing  the  lateral 
dredge  ditches  wherever  the  work  is  not  so  located  as  to  make  other 
fuel  readily  available. 

Coal  costs  S3  to  $3.50  per  ton  delivered  at  the  stations  of  the  dis- 
trict. In  the  excavation  of  the  main  drains,  with  proper  manage- 
ment in  arranging  the  sequence  of  the  construction,  coal  can  be  de- 
livered by  barge  to  nearly  all  parts  of  the  w^ork.    Where  it  can  not 
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be  so  delivered,  some  other  fuel  would  probably  be  used.  In  all 
of  the  work  proposed  for  a  hydraulic  suction  dredge,  coal  could  be 
delivered  to  the  dredge  by  barge,  and  the  same  is  true  of  most  of  the 
larger  dipper-dredge  work.  In  the  construction  of  the  work  up- 
stream by  means  of  drag-line  scrapers,  some  difficulty  might  be  en- 
countered in  getting  coal  to  the  boat  by  barge,  but  it  is  believed  that 
this  would  not  be  serious. 

Oil  is  available  for  fuel  from  the  oil  fields  of  Louisiana,  Texas, 
Oklahoma,  Kansas,  and  Illinois;  several  oil  fields  being  about  equally 
distant. 

EXCAVATING  MACHINERY. 

Of  the  many  types  of  excavating  machines  now  in  use  only  a  few 
are  especially  adapted  to  the  work  of  this  district.  Among  these  are 
floating  dipper  dredges,  drag-scraper  excavators,  and  hydraulic  suc- 
tion dredges.  It  is  possible  that  an  endless-chain  levee-building 
machine  might  be  adaptable  to  the  construction  of  the  floodway 
levees. 

THE  DIPPER  DREDGE. 

The  advantages  of  the  dipper  dredge  over  other  types  of  excava- 
tors are:  Its  adaptability  to  all  conditions  of  excavation  where  there 
is  sufficient  water  to  float  the  boat;  its  great  strength  for  digging 
tenacious  soil  or  in  removing  stumps  and  roots;  and  the  low  cost  of 
excavation  by  its  use.  The  disadvantages  of  this  type  are:  Its 
inability  to  construct  ditches  of  less  than  about  100  square  feet 
cross  section;  the  necessity  for  floating  a  large  boat;  the  ragged  and 
uneven  cross  section  which  is  usually  left;  the  practical  limitation  of 
the  machines  to  ditches  of  not  more  than  about  800  feet  cross  section; 
and  the  insufficient  berm  which  is  of  necessity  left  on  the  larger 
ditches.  Small  dredges  of  light  construction  are  made  to  float  on 
boats  with  10  or  12  foot  hulls,  but  as  they  are  not  adapted  to  exca- 
vation in  timbered  lands,  their  use  is  not  advisable  in  the  St.  Francis 
Valley. 

No  machine  is  so  well  fitted  as  the  floating  dipper  dredge  for  dig- 
ging all  but  the  largest  of  the  lateral  ditches  on  this  project.  It  has 
been  adapted  by  long  experience  to  this  class  of  work. 

The  cost  of  construction  with  the  floating  dipper  dredge  varies 
according  to  the  section  to  be  excavated,  the  total  amount  of  exca- 
vation on  a  job,  the  amount  of  water  available,  the  character  of  the 
excavation,  the  timber  to  be  encountered,  and  the  type  of  the  machine. 
The  actual  cost  to  the  contractor  of  excavating  with  a  high-grade 
modern  dredge  in  a  timbered  region  where  conditions  of  soil  and 
water  supply  are  favorable,  and  where  a  large  piece  of  work  is  suit- 
able for  the  machine,  should  be  from  3  to  5  cents  per  cubic  yard, 
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including  clearing  of  the  right  of  way,  repairs,  and  maintenance. 
This  project  furnishes  a  large  amount  of  work  where  every  feature  is 
favorable  for  most  of  the  ditches,  except  the  necessity  of  clearing  the 
right  of  way,  and,  in  some  instances,  the  difficulty  of  procuring  water 
during  the  entire  year;  and  it  is  believed  that  under  these  conditions 
an  estimate  of  8  cents  per  yard  for  this  excavation  is  conservative. 
Work  is  now  being  let  in  this  region  for  from  7.5  cents  to  8.5  cents 
per  yard,  including  the  clearing  of  right  of  way. 

THE  DRAG-SCRAPER  EXCAVATOR. 

This  type  probably  will  not  be  used  except  in  building  the  levees 
along  the  floodway.  Where  a  section  of  levee  is  of  less  than  800 
square  feet  it  can  probably  be  used  to  better  advantage  than  any 
other  excavator  after  the  ditch  section  is  cleared  of  all  large  stumps. 

One  of  the  more  successful  types  of  excavators  used  on  the  New 
York  Barge  Canal  is  similar  to  that  illustrated  in  Plate  I,  figure  1 .  The 
scraper  bucket  is  suspended  by  cables  from  the  end  of  a  long  boom. 
The  entire  machine  swings  on  a  circular  turntable.  The  bucket 
is  filled  by  pulling  it  directly  toward  the  center  of  the  machine  by 
means  of  a  cable,  so  there  is  no  strain  on  the  boom  except  that  due 
to  its  own  weight  and  the  weight  of  the  bucket  and  its  load.  As  a 
result,  the  booms  of  this  type  of  machine  can  safely  be  made  lighter 
and  consequently  longer  than  is  the  case  with  the  booms  of  dipper 
dredges  of  similar  size  and  strength.  A  boom  90  and  perhaps  100 
feet  long  giving  a  reach  of  100  or  110  feet  from  the  center  of  the 
machine  to  the  end  of  the  boom  is  practicable  with  this  machine. 
An  excavator  of  this  type  on  the  New  -York  Barge  Canal  which  was 
carefully  examined  has  an  85-foot  boom  and  a  reach  of  96  feet  from 
the  center  of  the  machine  to  the  end  of  the  boom.  The  entire  weight 
is  147  tons.  A  2-yard  dipper  is  used,  which,  in  operation,  is  usually 
filled  full,  and  sometimes  carries  4  yards  at  a  load.  The  engine  is  of 
50-horsepower  capacity,  though  the  boiler  is  rated  for  54  horsepower. 
The  runner  considered  the  machinery  strong  enough  for  the  use  of  a 
3J-yard  dipper.  This  machine  easily  excavated  earth  90  feet  from 
the  center  of  the  machine  on  one  side  and  deposited  it  100.  feet  from 
the  center  on  the  other  side.  At  the  time  the  machine  was  visited 
it  was  digging  a  channel  25  feet  deep  and  depositing  the  material 
on  a  waste  bank  between  15  and  25  feet  high  without  difficulty. 
The  following  table  indicates  the  cost  of  operating  this  machine  for 
the  season  of  1908,  and  gives  the  cost  per  yard  of  excavation: 
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Drag  scraper  machine  at  work  on  New  York  Barge  Canal. 


Item. 

April. 

May. 

June. 

July. 

August. 

Fitting  up  

S426.  SO 
§319. 74 

Excavation  

$684.29 
815.  82 

8175.00 
(a) 

8747. 77 
$62.60 
$175. 00 

$850.  69 
$48.  23 

$175.  00 
§77.  02 

SI,  118.  57 
S75. 12 
$175.00 

Interest  and  depreciation,  21  per  cent  

Shifting  on  work  

$175. 00 

Total  for  month  

Average  cost  per  yard  

Yards  completed  during  month  

$921.  54 
SO.  177 

5.205 
• 

S875. 11 
$0. 048 

18,365 

$985.  37 
$0. 0388 
25, 333 

$1,150.  94 
SO. 0348 
33,055 

$1,368.  69 
$0.  0289 
47,363 

a  Machine  fell  into  canal. 


Average  cost  for  the  season,  including  all  charges,  4.1  cents  per  yard. 


In  May  the  items  of  cost  of  operation  were  as  follows : 

Engineer,  at  $90  per  month   $90.  00 

Engineer,  at  $95  per  month   84.  04 

Firemen,  pump  men,  watchmen,  and  laborers,  at  $1.75  per  day..  363.  00 

Coal,  at  $3  per  ton   147.00 

Repairs   15.  82 


Total   699.86 


The  first  cost  of  this  machine  was  810,000. 

It  will  be  noted  that  the  cost  per  }rard  for  the  season,  including  the 
expense  of  setting  up  the  machine,  with  an  estimate  for  interest 
and  depreciation,  amounts  to  4.1  cents  per  yard.  The  excavation 
made  during  this  season  was  in  a  cut  25  feet  deep  and  about  100 
feet  wide  on  the  bottom.  The  material  was  a  stiff  clay  for  the 
most  part,  but  few,  if  any,  stumps  or  bowlders  were  removed.  The 
machine  is  moved  forward  on  the  work  by  means  of  cables.  The 
cost  of  moving  would  have  been  reduced  by  an  arrangement  of  gears 
attached  to  the  axle.  Similar  machines  are  stated  to  excavate 
earth  for  levee  building  in  Louisiana  at  a  cost  of  3  to  4  cents  a  yard. 
The  United  States  Government  is  constructing  levees  near  Green- 
ville, Miss.,  by  the  use  of  one  of  these  excavators.  On  a  trial  run  of 
ten  days  it  excavated  at  a  cost  of  a  little  more  than  2  cents  a  yard. 
Most  of  the  work  for  which  it  is  used,  however,  is  in  topping  out  old 
levees.  Major  Walker,  of  Memphis,  states  that  in  doing  this  work 
the  machine  will  excavate  about  half  as  much  earth  as  when  making 
a  new  cut  and  building  an  entirely  new  levee.  On  the  work  for 
which  he  had  estimates,  the  cost  for  the  entire  camp,  as  near  as  he 
could  determine,  in  excavating  earth,  topping  out  the  levees,  and 
putting  them  in  condition  for  seeding,  was  between  7  and  8  cents  a 
cubic  yard. 

Another  type  of  drag-scraper  excavator  is  illustrated  in  Plate  II, 
figure  1.  The  principal  parts  of  this  apparatus  are  a  hoisting 
engine;  a  tower  65  feet  high,  guyed  to  cables  extending  to  the  ground 
on  each  side,  where,  instead  of  being  stationary,  they  slide  on  other 
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cables  stretched  parallel  to  the  ditch  and  fastened  to  deadmen,  thus 
giving  stability  to  the  tower,  while  allowing  it  to  move  parallel  to 
the  ditch;  the  scraper  bucket  in  which  the  earth  is  moved;  and  cables 
for  operating  the  bucket.  The  machine  is  built  upon  a  platform 
and  is  moved  on  rollers  by  winding  a  cable  fastened  at  one  end  to  a 
deadman.  A  more  efficient  provision  for  moving  the  machine 
would  doubtless  result  in  considerably  reducing  the  cost  of  operation. 
A  larger  illustration  of  the  bucket  used  with  this  machine  is  given 
in  Plate  II,  figure  2.  As  is  readily  seen,  this  bucket  is  not  as  fully 
developed  as  are  other  types,  but  it  has  recently  been  improved.  The 
entire  machine  as  illustrated  cost  about  $1,500.  With  the  strength- 
ening of  parts  necessary  to  fit  it  for  extra-heavy  work  the  cost  would 
be  about  $2,000,  of  which  $1,200  would  represent  the  cost  of  a  hoisting 
engine. 

In  operating  the  excavator  the  bucket  is  loaded  by  pulling  it 
toward  the  tower  by  winding  up  the  cable,  which,  passing  over  the 
lower  sheave  on  the  tower,  is  attached  to  the  front  end  of  the  bucket. 
The  bucket  is  then  dumped  by  winding  over  the  drum  the  cable 
which  passes  over  the  sheave  on  top  of  the  tower  and  which  is  attached 
to  the  back  end  of  the  bucket.  The  bucket  is  returned  to  the  ditch 
by  further  tightening  the  upper  cable  and  loosening  the  lower  one, 
when  it  quickly  slides  back  by  gravity  to  the  starting  point.  The 
earth  is  deposited  between  the  ditch  and  the  machine. 

The  following  is  the  cost  for  each  eight-hour  shift  in  operating  this 


machine : 

Engineer   $3.00 

Fireman   2.  00 

Foreman   3.  00 

Signal  man   2.  00 

Cable  shifter   1.  60 

Horse  and  man,  moving  track   3.  00 

4  laborers,  at  $1.60  each   6.  40 

1J  tons  of  coal  to  the  shift,  at  $3  per  ton   4.  50 


Total   25.50 


If  to  this  is  added  $1.50  per  shift  for  maintenance,  depreciation, 
interest,  and  repairs  at  the  rate  of  50  per  cent  per  annum  on  the 
original  cost  of  the  investment,  the  total  cost  per  shift  is  $27. 

By  arranging  for  the  operator  to  work  from  a  station  in  the  tower, 
where  the  work  would  be  in  full  view,  the  signal  man  would  be  elim- 
inated, and  by  placing  the  machine  on  a  track  with  an  arrangement 
for  moving  the  machine  ahead  on  the  work  by  means  pf  gearing 
attached  to  the  axles  probably  twro  or  three  more  men  could  be  dis- 
pensed with,  thus  further  reducing  the  cost. 

The  bucket  used  on  this  machine  had  a  capacity  of  about  2  }^ards, 
but  in  ordinary  operation  at  least  3  yards  were  carried  at  each  load. 
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Plate  II. 


Fig.  2.— Bucket  Used  with  Tower  Drag-Scraper  Excavator. 
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While  in  operation  about  1  bucketful  was  excavated  and  deposited 
in  each  forty  seconds.  This  would  make  a  rate  of  4  cubic  }^ards  a 
minute,  and  the  contractor  was  of  the  opinion  that  he  could  main- 
tain an  output  of  1,000  yards  per  eight-hour  shift  for  an  entire 
season's  run  on  continuous  work  of  a  favorable  character.  The 
work  actually  done  was  not  carried  on  continuously,  and  the  best 
record  made  was  40,000  yards  per  month  for  two  shifts  for  one 
machine. 

At  a  cost  of  $50  a  day  for  two  shifts  this  would  amount  to  about  3 
cents  per  yard  for  the  month's  work. 

The  machine  has  a  reach  of  210  feet  from  the  far  side  of  the  ditch 
to  the  near  side  of  the  waste  bank.  That  is,  all  the  dirt  must  be 
excavated  and  deposited  in  a  space  of  210  feet,  making  a  waste  bank 
about  20  feet  high  if  necessary.  The  bucket  is  remarkably  well 
under  control. 

This  machine  was  in  many  ways  crudely  built,  and  its  excellent 
record  is  due  apparently  to  the  exceedingly  simple  principle  of  its 
operation,  and  to  the  economy  of  power,  motion,  and  time  in  exca- 
vating. The  bucket  moves  on  a  straight  line,  across  the  excavation 
and  onto  the  waste  bank,  and  when  dumped  slides  with  great  rapidity 
down  the  tightened  cable  to  the  position  for  digging. 

With  a  construction  including  modern  devices  for  moving  on  the 
work  and  the  improved  bucket,  it  seems  that  this  should  be  a  very 
important  addition  to  the  types  of  excavating  machinery.  It  is 
fitted  for  digging  ditches  20  to  100  feet  wide  and  2  to  30  feet  deep, 
though  its  greatest  economy  of  operation  is  in  constructing  the  larger 
sections. 

THE  HYDRAULIC  SUCTION  DREDGE. 

For  the  construction  of  the  larger  levees  the  use  of  the  hydraulic 
r  'on  dredge  is  entirely  feasible  in  connection  with  the  use  of 
c  r  excavating  machines.  Figure  2  illustrates  sections  of  the  pro- 
posed levees  and  ditches.  By  the  construction  of  the  muck  ditch  a 
retaining  bank  will  be  built  to  as  great  height  as  the  earth  can  be 
made  to  stand.  A  similar  retaining  bank  will  be  constructed  at  the 
other  toe  of  the  levee  by  depositing  earth  excavated  from  the  nearest 
margin  of  the  ditch.  The  space  between  these  two  retaining  walls 
can  then  be  filled  by  a  hydraulic  suction  dredge,  the  discharge  pipe 
being  supported  by  a  cantilever.  This  machine,  Plate  I,  figure  2,  in 
its  present  state  of  development  probabty  represents  the  most  eco- 
nomical method  now  in  use  for  excavating  very  large  channels,  unless 
the  ladder  dredge  be  excepted. 
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The  following  table  indicates  the  cost  of  operating  a  hydraulic  suc- 
tion dredge  on  the  New  York  Barge  Canal  in  1908.  The  dredge  in 
question  is  of  modern  construction,  has  a  20-inch  discharge  pipe,  and 
cost  $115,000.  A  large  part  of  the  excavation  was  in  stiff  clay, 
though  a  part  was  in  sand.  The  clay  was  of  such  firm  texture  that 
after  remaining  on  the  ground  over  winter  the  pieces  had  the  same 
shape  as  when  they  were  discharged  from  the  end  of  the  pipe  line, 
still  showing  the  marks  of  the  cutter.  While  removing  the  old  rock 
wall  of  the  canal  the  dredge  was  stopped  sometimes  twenty  times  a 
day,  it  is  said,  for  removing  bowlders  from  the  pump.  Once  dur- 
ing the  season  the  dredge  was  sunk  to  the  bottom  of  the  canal. 
Otherwise  the  work  was  favorable,  and  the  excavation  made  was 
representative  of  the  capacity  of  the  machine  in  ordinary  clay  soil. 
The  charge  against  plant  is  intended  to  cover  interest  and  deprecia- 
tion at  15  per  cent  per  annum.  Under  "Material"  are  included  coal 
waste,  tug  hire,  and  similar  items. 

Cost  of  operation  of  hydraulic  suction  dredge  on  the  New  York  Barge  Canal  for  the 

season  of  1908. 


Item. 


Labor. . . 
Plant.... 
Material . 


Total  for 
month  


Apr. 


§3.670.95 
408.30 
1.900.  62 


May. 


S5. 169.  29 
1,367.60 
2.558.88 


June. 


S5, 615.  75 
1,677. 85 
2.263. 16 


July. 


Aug. 


85,835.14  !  S5.985,87 
1.735.50  1.631.15 
2,446.45  ;  2.320.92 


9.095.  77 


9.556.76      10,017.09  9.937.94 


Yards  excavated..       120. 673 


204.838 


203.474 


174.395 


Sept. 


S4.993.ll 
1.692.  85 
2.430.05 


9.116.01 


231.473 


Unit  cost  for  the  season.  4.63  cents  per  yard. 

An  examination  was  made  of  several  suction  dredges  on  the  New 
York  Barge  Canal  and  of  the  material  excavated  by  them.  In  only 
one  instance  was  the  material  at  all  comparable  with  that  to  be 
excavated  in  building  the  floodway  levees,  and  in  that  instance  the 
material  was  being  removed  at  a  cost  of  about  2\  or  3  cents  per  cubic 
yard,  including  all  cost  of  maintenance,  depreciation,  repair,  and 
interest.  The  work  planned  for  this  type  of  machine  on  the  St. 
Francis  project  is  the  excavation  of  large  ditches  outside  the  flood- 
ways,  using  the  earth  for  constructing  levees,  and  in  dredging  the 
channels  of  Tyronza  and  Little  rivers.  In  the  former  case  the  work 
is  estimated  at  10  cents  per  cubic  yard  plus  the  cost  of  clearing  and 
grubbing  the  ditch  section  at  S150  per  acre.  In  the  second  instance 
the  work  is  estimated  at  9  cents  per  }7ard,  including  the  cost  of  clearing 
banks  to  enable  the  material  to  be  deposited.  This  dredge  can  be 
used  to  advantage  also  for  constructing  two  or  three  of  the  largest 
lateral  ditches,  which  empty  into  ditches  along  the  floodway. 
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OTHER  TYPES  OF  EXCAVATORS. 

It  is  very  probable  that  in  letting  this  work  bids  would  be  received 
from  operators  of  machines  of  other  types,  such  as  the  cantilever- 
crane  excavator,  the  ladder  dredge,  and  endless-chain  levee  building 
machines.  In  designing  the  ditches  extended  investigations  were 
made  of  machines  actually  in  use,  and  every  construction  is  planned 
as  well  within  the  limits  of  economical  operation  of  one  or  more  of 
the  machines  described. 

The  purpose  in  discussing  the  construction  methods  and  cost,  exca- 
vating machinery,  and  similar  topics  before  taking  up  the  plan  is  to 
take  account  of  the  fact  that  the  latter  is  largely  dependent  upon  the 
way  in  which  the  work  must  be  carried  on  in  order  to  insure  economy 
of  operation,  and  also  to  facilitate  the  adapting  of  the  work  to  the 
available  types  of  excavating  machinery. 

BASIS  OF  ESTIMATES. 

The  estimate  of  cost  of  excavation  was  made  by  determining  as 
nearly  as  possible  the  actual  cost  to  the  contractor  of  similar  work 
and  by  placing  the  estimate  at  about  twice  the  approximate  actual 
cost. 

An  estimate  of  $150  per  acre  is  considered  sufficient  for  clearing 
the  right  of  way  of  the  ditch  preliminary  to  using  any  of  these 
machines.  Two  of  the  drag-scraper  machines  first  described,  follow- 
ing each  other,  would  be  sufficient  for  building  the  largest  of  the 
levees  planned  on  this  project.  By  working  upstream  sufficient  drain- 
age would  be  secured  for  their  successful  operation,  and  the  levee  is 
planned  of  such  section  that  there  would  be  no  doubt  about  the  mate- 
rial remaining  in  place.  In  addition  to  the  cost  of  clearing  the  right 
of  way  and  grubbing  the  ditch  section  it  is  estimated  that  9  cents 
per  yard  is  sufficient  for  excavating  the  earth  and  building  the  smaller 
levees,  and  that  10  cents  per  yard  in  addition  to  such  clearing  and 
grubbing  is  sufficient  in  case  of  the  larger  ones. 

The  cost  per  yard  of  building  levees  usually  includes  the  digging  of 
a  muck  ditch  and  grubbing  the  levee  base.  This  method  is  replaced 
in  the  present  plan  by  the  construction  of  a  very  large  muck  ditch  by 
means  of  a  dredge,  the  cost  of  which  is  estimated  in  addition  to  build- 
ing the  levees.  This  change  would  amount  to  an  addition  of  between 
1  and  2  cents  a  yard  if  the  work  had  been  calculated  in  the  usual 
manner.  If  the  entire  cost  of  digging  muck  ditches  and  clearing  right 
of  way  is  considered  as  a  part  of  the  cost  of  building  the  levee  section, 
the  estimate  amounts  to  between  12  and  13  cents  per  cubic  yard. 
In  addition  the  levees  are  made  of  large  section,  and  the  yardage  may 
be  measured  in  the  excavation  instead  of  in  the  fill,  as  is  usually  the 
case.  As  10  per  cent  shrinkage  is  usually  provided  for,  this  would 
make  an  additional  difference  of  about  one-half  cent  per  yard. 
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The  greater  part  of  the  Mississippi  levees  were  constructed  years 
ago,  when  levee-building  machinery  was  not  well  developed.  Many 
of  the  jobs  let  now  are  for  topping  out  old  levees  or  for  building  short 
loops.  Quite  commonly  the  separate  jobs  are  not  large  enough  to 
justify  the  installation  of  expensive  equipment,  and  often  must  be 
done  on  short  notice  when  there  is  not  time  to  install  such  equipment. 

Specifications  for  levee  work  nearly  always  prevent  a  continuous 
borrow  pit,  require  a  very  wide  berm,  and  impose  other  conditions 
which  make  the  use  of  levee-building  machinery  impossible.  The 
very  different  conditions  under  which  these  levees  will  be  built  and 
the  difference  in  conditions  after  they  are  built  make  unnecessary 
some  of  the  requirements  usually  made  in  levee  construction.  Some 
of  these  favorable  conditions  are  shorter  duration  of  floods  against 
the  levees,  with  correspondingly  small  seepage,  and  a  perfectly 
unbroken  ground  surface  in  the  floodways,  with  an  exceedingly  large 
and  deep  muck  ditch,  which  also  reduces  the  seepage. 

It  is  seldom  that  a  large  piece  of  levee  construction  is  let  in  which 
conditions  for  the  operation  of  a  single  type  of  machine  are  so  uni- 
formly favorable.  The  estimate  on  this  work  is  not  made  as  appli- 
cable to  usual  jobs  of  levee  construction. 

ACQUIRING  RIGHT  OF  WAY. 

The  right  of  way  for  the  reservoirs  and  floodways  includes  the 
lowest  and  most  worthless  land  in  the  district,  and  a  great  part  of 
that  included  in  the  St.  Francis  Reservoir  is  held  to  be  unsurveyed 
government  land. 

The  land  occupied  by  the  lateral-ditch  system  varies  in  quality, 
but  would  represent  the  average  of  land  in  the  district.  It  is  believed 
that  the  entire  land  to  be  used  for  right  of  way  can  be  secured  for 
not  more  than  $20  an  acre  on  the  average,  and  probably  for  less  than 
that  amount.  The  estimated  cost  of  right  of  way  is  about  10  per 
cent  of  the  entire  estimated  cost  of  the  system.  It  has  not  been  the 
custom  heretofore  in  this  region  to  allow  damages  for  the  use  of  right 
of  way  in  establishing  drainage  systems;  yet  it  seems  that  this  is  the 
only  equitable  method  to  pursue,  and  is  desirable,  moreover,  because 
for  purposes  of  maintenance,  the  drainage  district  should  own  and 
control  the  land  occupied  by  the  ditches  and  waste  banks. 

HYDRAULIC  PROBLEMS  AND  COEFFICIENTS. 

THE  USE  OF  KUTTER'S  FORMULA. 

In  computing  the  velocities  of  water  in  the  floodways  and  drain- 
age channels,  Kutter's  formula  has  been  used  in  all  cases  except  for 
the  lower  parts  of  Tyronza  River  and  the  St.  Francis  River,  where 

230-1 


46 


the  channel  is  crooked  and  the  surface  slope  very  small.  For  all 
artificial  channels  with  regular  sections  and  long  tangents,  a  rough- 
ness coefficient  "N"  of  0.025  has  been  used.  As  with  a  very  few 
exceptions  none  of  the  channels  are  more  than  10  feet  deep,  it  is 
probable  that,  especially  in  the  larger  ditches,  serious  irregularities 
of  sections  due  to  caving  banks  will  not  occur.  The  existing  ditches 
within  the  district  have  remained  in  fairly  good  order  for  several 
years  without  maintenance.  For  the  existing  channels  of  Eight- 
Hand  Chute  and  Tyronza  River,  which  are  to  be  cleaned  out,  a 
roughness  factor  of  0.03  is  assumed.  While  these  channels  will  be 
given  nearly  uniform  cross  sections,  the  fact  that  they  are  not  per- 
fectly straight  and  that  they  will  have  a  greater  depth  than  10  feet 
will  probably  result  in  the  formation  of  sand  bars,  causing  the  channel 
to  take  an  irregular  section,  and  consequently  to  have  a  lower  velocity. 

Velocities  in  the  St.  Francis  and  Little  River  floodways  were  cal- 
culated by  using  a  roughness  factor  "N"  of  0.03.  These  floodways 
will  have  exceptionally  uniform  sections,  the  only  serious  obstruc- 
tion to  flow  being  the  vegetable  growths  w^hich  may  occur.  The  pre- 
vention of  these  growths  is  discussed  under  the  subject  of  maintenance. 

In  order  that  the  high-water  surface  in  the  St.  Francis  River  at 
Marked  Tree  may  be  low  enough  to  furnish  drainage  for  tributary 
areas,  it  is  necessary  to  maintain  a  very  flat  slope  in  the  river  in 
times  of  flood  flow  from  this  point  to  the  lower  end  of  the  St.  Francis 
flood  way.  On  applying  Kutter's  formula  to  determine  this  slope 
with  the  water  level  in  the  river  at  Parkin  at  212  feet  above  sea 
level,  and  with  a  flow  of  2,000  second-feet  in  the  channel  and  using 
a  roughness  factor  "N"  of  0.03,  a  surface  slope  of  only  0.02  foot  to 
the  mile  is  indicated.  It  is  evident  that  in  a  very  crooked  channel, 
of  continually  varying  shape  and  section,  the  loss  of  head  in  turning 
bends,  in  conforming  to  changes  of  cross  section,  and  in  the  internal 
resistances  of  the  water,  would  result  in  a  surface  slope  greater  than 
that  found  by  the  use  of  this  formula.  The  only  data  at  hand  to 
indicate  what  would  be  the  loss  of  head  under  these  conditions  are 
those  contained  in  Humphrey  and  Abbott's  work  on  the  Hydraulics 
of  the  Mississippi  River.  As  a  rough  approximation  it  may  be  said 
that  this  formula  indicates  a  loss  of  70  to  100  per  cent  of  the  velocity 
head  for  each  90°  of  curvature  around  bends.  No  close  estimate  of 
the  loss  of  head  due  to  bends  and  irregularities  in  the  St.  Francis  chan- 
nel can  be  made  from  data  on  hand;  but  where  the  use  of  Kutter's 
formula  indicated  a  surface  slope  of  0.02  foot  to  the  mile  a  slope  of 
0.1  was  used  instead,  it  being  assumed  that  the  irregularities  of  the 
channel  would  not  require  more  than  five  times  as  great  head  as  that 
indicated  by  the  formula.  That  this  assumption  is  conservative  is 
indicated  by  the  fact  that  in  January,  1907,  when  the  St.  Francis 
River  at  Marked  Tree  was  at  the  highest  stage  ever  recorded  when 
not  affected  by  Mississippi  overflows,  and  when  several  times  as 
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much  water  was  flowing  in  the  channel  as  will  be  carried  after  the 
construction  of  the  floodways,  the  slope  of  the  water  surface  between 
Marked  Tree  and  Parkin  was  only  0.2  foot  to  the  mile.  Using  Emit- 
ter's formula  and  assuming  a  roughness  factor  "N"  of  0.03,  a  velocity 
of  about  3.5  feet  per  second  is  indicated  by  a  slope  of  0.2  feet  per 
mile  in  this  channel.  Considering  the  relation  of  slope  to  velocity 
and  the  fact  that  in  this  system  the  water  in  the  St.  Francis  channel 
at  extreme  flood  stage  will  not  require  a  velocity  of  more  than  0.75 
foot  per  second,  it  is  seen  that  the  slope  will  doubtless  be  less  than 
the  0.1  of  a  foot  here  assumed. 

LIMITATION  OF  VELOCITIES. 

In  considering  velocities  which  are  desirable  in  drainage  channels 
it  is  assumed  that  in  long  straight  channels  of  uniform  slope,  depth, 
and  cross  section  higher  velocities  may  be  allowed  than  in  crooked 
streams  of  varying  section  and  slope.  In  improving  the  two  natural 
channels,  Tyronza  River  and  the  Right-Hand  Chute  of  Little  River, 
uniform  bottom  slopes  are  planned,  though  the  velocity  and  surface 
slope  will  vary  with  the  natural  enlargements  of  the  channels.  In 
these  streams,  where  a  slope  of  6  inches  to  the  mile  is  calculated, 
the  maximum  depth  of  water  will  be  about  8  feet  and  the  velocity 
at  flood  stage  about  2  feet  per  second.  In  artificial  channels  with 
uniform  slope  and  section  and  long  tangents  no  velocities  in  excess 
of  about  4  feet  per  second  are  planned.  It  is  believed  that  under 
these  conditions  this  velocity,  occurring  only  in  time  of  extreme 
flood,  will  not  cause  extensive  erosion  or  scouring,  and  will  not  form 
bars  in  the  channels  to  a  serious  extent.  It  is  estimated  that  extreme 
velocities  within  the  floodways  will  not  exceed  about  2\  feet  per 
second,  and  that  the  usual  rate  of  flow  will  be  about  half  this  amount. 
As  the  floodways  consist  of  long  straight  reaches  of  uniform  section 
it  is  believed  that  these  velocities  will  cause  no  damage  to  the  levee 
system. 

In  fact,  the  difficulty  with  the  whole  drainage  system  is  not  to  pre- 
vent high  velocities,  which  would  scour,  but  rather  to  secure  a  rapidity 
of  flow  sufficient  for  the  maintenance  of  the  ditch.  The  minimum 
flood  velocities  which  are  planned  are  about  1  foot  per  second,  but  in 
time  of  low  water  the  flow  in  many  instances  will  be  much  slower 
than  this.  Higher  velocities  than  are  desired  will  be  developed  by 
the  drop-off  curve  at  the  lower  end  of  the  St.  Francis  flood  way,  unless 
a  dam  is  constructed  across  the  lower  end.  As  the  construction  of 
a  power  plant  would  solve  this  problem  it  is  not  dealt  with  in  this 
report.  The  chief  damage  resulting  from  this  increased  velocity 
would  be  the  enlargement  of  the  channel  of  Big  Bay  within  the  flood- 
way,  thus  making  more  expensive  the  construction  of  a  dam  for 
power  if  it  were  done  at  a  later  time. 
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SEEPAGE. 

The  question  of  seepage  through  or  under  the  Mississippi  levees 
into  the  district  is  an  unimportant  one  in  considering  the  district  as 
a  whole,  for  the  amount  of  water  which  collects  on  a  given  surface  in 
any  one  day  is  so  small  as  compared  with  the  amounts  which  must 
be  removed  in  time  of  heavy  rain  as  to  be  nearly  negligible.  Seepage 
affects  the  land  because  of  a  steady  accumulation  at  a  constant  rate 
for  considerable  periods,  even  though  the  amount  which  collects  dur- 
ing any  one  day  is  not  large. 

The  conditions  will  tend  to  cause  less  seepage  from  the  proposed 
floodways  than  from  the  Mississippi  River.  The  land  at  some  dis- 
tance from  the  Mississippi  River  is  usually  lower  than  the  river 
banks,  whereas  that  at  an  equal  distance  from  the  floodway  is 
usually  higher.  The  floodway  levees  are  planned  to  have  muck 
ditches  10  feet  deep  filled  with  impervious  material,  whereas  the 
muck  ditches  of  the  Mississippi  levees  are  usually  much  shallower, 
and  commonly  are  filled  with  light  surface  soil.  Outside  of  the 
levee  will  be  a  ditch  10  feet  deep  to  intercept  seepage  and  to  relieve 
the  static  head  of  water  in  the  ground.  In  case  of  the  Mississippi 
the  river  bank  is  usually  a  nearly  vertical  wall  in  which  all  sand 
strata  to  a  considerable  depth  are  directly  exposed  to  the  water,  and 
water  from  the  river  can  directly  enter  all  permeable  layers.  It 
has  sometimes  been  noted  in  levee  construction  that  a  silting  over  of 
the  bottoms  of  borrow  pits,  rendering  them  less  permeable,  has 
decreased  the  seepage  on  the  land  side  of  the  levee.  In  the  proposed 
floodways  the  ground  surface  between  the  levees  will  remain  unbroken, 
and  seepage  water  before  it  can  pass  horizontally  beyond  the  limits 
of  the  ditches  outside  the  levees  must  sink  more  than  10  feet  into  the 
soil.  Even  small  amounts  of  silt  deposited  in  the  floodway  will 
tend  to  make  the  surface  more  and  more  impervious,  and  so  will  tend 
to  prevent  seepage. 

It  is  believed  that  conditions  which  cause  seepage  along  the  Mis- 
sissippi behind  the  levees  will  not  be  reproduced  here.  In  case  a 
small  amount  of  seepage  does  occur,  it  can  be  relieved  by  drainage 
into  the  ditches  outside  the  floodways.  Its  occurrence,  even  to  a 
considerable  extent,  would  be  one  of  the  minor  difficulties  to  be 
handled  in  perfecting  what  is  the  only  effective  way  of  handling  the 
vast  quantities  of  water  which  must  be  carried  through  the  district. 

THE    STAGE   OF   WATER   IN  THE    ST.  FRANCIS    RIVER   AT  THE 
OUTLET  OF  BIG  BAY. 

The  plans  for  this  district  are  based  upon  an  estimate  that  the 
water  level  in  the  St.  Francis  River  at  the  outlet  of  Big  Bay  will  not 
reach  a  greater  elevation  than  212  feet  above  sea  level  in  time  of 
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greatest  flood.  During  the  past  fifteen  years  this  elevation  has  been 
exceeded  five  times  at  the  Iron  Mountain  Railroad  bridge ,  15  miles 
upstream  from  this  point;  but  four  times  out  of  the  five  the  high  water 
was  that  which  had  entered  the  district  from  the  Mississippi  by  over- 
topping the  Mississippi  levees,  and  was  finding  its  way  back  through 
the  St.  Francis  River.  As  the  plans  for  this  district  presuppose  the 
success  of  the  Mississippi  levee  system,  it  will  not  be  necessary  to 
consider  these  occurrences.  The  remaining  case  is  that  of  January 
15  to  19,  1907,  when  the  St.  Francis  River  at  the  Iron  Mountain 
Railroad  bridge,  15  miles  above  the  outlet  of  Big  Bay,  had  an  eleva- 
tion of  213.4  feet.  As  the  St.  Francis  River  at  this  time  had  a  fall 
of  0.2  foot  to  the  mile  from  Marked  Tree  to  this  bridge,  and  also  from 
the  bridge  to  its  outlet  into  the  Mississippi,  the  high-water  line  at  the 
outlet  of  Big  Bay  must  have  been  about  3  feet  lower  than  the  213.5 
recorded  at  the  bridge,  or  about  210.5  feet. 

A  discussion  of  the  conditions  causing  this  flood  will  indicate  the 
possibility  of  a  recurrence  of  an  equal  stage  in  the  future.  The  rain- 
fall for  September  and  October,  1906,  had  been  greater  than  the 
normal  amount  for  those  months,  but  this  excess  had  not  appreciably 
affected  the  stages  of  streams.  November  was  a  month  of  excep- 
tionally heavy  rainfall  over  a  large  area,  a  precipitation  of  10.9 
inches  in  five  days  being  recorded  at  Marked  Tree.  While  there 
was  no  flood  recorded  in  November  on  the  gauge  at  the  Iron  Mountain 
Railway  bridge  mentioned  above,  the  water  level  rose  gradually 
from  191  feet  to  202  feet  during  the  month.  In  December  the  pre- 
cipitation was  generally  above  the  average,  and  the  elevation  of  the 
water  surface  at  the  gauge  rose  to  206  feet  by  the  end  of  the  month. 
By  this  time  all  the  storage  capacity  of  the  upper  St.  Francis  Valley 
had  been  used.  Not  only  was  the  ground  entirely  filled  with  water, 
but  water  stood  over  the  surface  of  the  lowlands  from  one  to  several 
feet  deep  all  the  way  from  the  Ozark  Mountains  in  Missouri  to  the 
point  under  consideration,  and  all  river  channels  were  full.  With 
these  conditions  existing  at  the  beginning  of  January,  1907,  a  general 
rain  on  the  2d  and  3d  of  January  fell  over  the  entire  watershed,  with 
a  precipitation  in  the  two  days  of  1  to  7  inches,  varying  in  the  different 
localities. 

The  rainfall  for  the  nine  days  from  December  27  to  January  4 
amounted  to  more  than  6  inches  on  the  average  over  the  entire 
watershed  of  about  7,400  square  miles.  An  extreme  flood  stage  of 
the  streams  followed,  culminating  on  January  15  to  20,  during  which 
period  the  gauge  at  the  Iron  Mountain  Railway  bridge  recorded  the 
elevation  of  213.4  feet.  The  flood  level  remained  within  a  few  inches 
of  this  stage  for  about  twenty  days,  during  which  time  there  was  an 
additional  rainfall  of  1  to  4  inches,  and  it  was  not  until  the  middle 
of  April  that  the  stream  reached  a  lower  level  than  that  of  ordinary 
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high  water  (200  feet).  Assuming  that  one-half  of  the  total  precipi- 
tation of  about  11  inches  for  the  twenty  days  from  December  14  to 
January  3  was  discharged  through  the  outlet  in  the  same  number 
of  days,  we  would  have  a  run-off  of  about  50,000  cubic  feet  per  second. 
In  this  connection  it  may  be  noted  that  the  St.  Francis  River  at  the 
outlet  of  Big  Bay  has  a  cross  section  of  17,500  square  feet  up  to  an 
elevation  of  212,  a  hydraulic  radius  of  27,  and  at  this  time  had  a 
surface  slope  of  about  0.2  foot  per  mile.  Estimating  the  discharge 
by  Kutter's  formula,  using  a  roughness  factor  of  0.03,  we  find  the 
discharge  to  be  more  than  60,000  second-feet. 

As  this  is  the  greatest  recorded  flood  at  this  point,  unaffected  by 
Mississippi  overflow,  it  may  be  assumed  that  a  system  which  would 
care  for  this  flood  at  the  outlet  would  be  sufficient  in  that  regard  for 
all  conditions.  It  may  then  be  asked  what  stage  such  a  storm  would 
produce  after  the  completion  of  the  proposed  system.  The  discus- 
sion of  run-off  will  not  be  repeated  here,  but  the  following  factors 
may  be  mentioned  as  affecting  the  situation: 

(1)  The  discharge  from  the  mountainous  regions  of  the  upper  St. 
Francis  River  in  Missouri,  about  1,500  square  miles,  being  confined 
to  a  channel  and  thus  prevented  from  dissipating  its  waters  in  the 
lowlands,  will  tend  to  cause  higher  stages,  though  floods  on  this 
stream  will  be  modified  in  filling  the  stream  channel  for  about  130 
miles  after  leaving  the  mountains,  and  in  passing  through  the  St. 
Francis  Reservoir.  The  waters  of  the  St.  Francis  River  which  now 
overflow  and  pass  into  Black  River  will  doubtless  within  a  few  years 
be  restrained  by  levees,  and  will  enter  this  district. 

(2)  One  thousand  five  hundred  square  miles  of  mountain  run-off 
from  the  upper  Little  River  watershed  in  Missouri  is  to  be  diverted 
into  the  Mississippi  River  at  Cape  Girardeau,  thus  relieving  this 
district. 

(3)  The  soil  of  the  St.  Francis  Valley,  except  along  Crowleys  Ridge, 
when  well  drained,  will  absorb  the  water  of  the  heaviest  rain,  allowing 
it  to  flow  off  gradually  without  producing  extreme  flood  conditions. 

Considering  these  factors  it  will  be  recognized  that  the  stage  of 
water  at  the  outlet  of  Big  Bay  will  depend  almost  entirely  upon  the 
quantity  of  water  which  reaches  this  point  from  the  Ozark  Mountains 
in  Missouri  through  the  St.  Francis  floodway.  The  total  amount  of 
water  which  it  is  estimated  the  floodway  will  have  to  carry  under  the 
most  extreme  conditions  of  flood  flow  is  about  75,000  second-feet. 
To  this  may  be  added  about  10,000  second-feet  from  other  sources, 
which  would  be  the  greatest  amount  that  will  reach  this  point  through 
the  St.  Francis  River  and  other  channels,  making  about  85,000  sec- 
ond-feet in  all  to  be  carried  in  the  time  of  greatest  flood.  Such  a  flow 
will  probably  occur  at  most  but  once  or  twice  in  a  generation  and 
probably  will  never  be  approximated.    If  it  should  occur  the  water 
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would  perhaps  rise  to  a  greater  height  than  212  feet  at  the  outlet  of 
Big  Bay. 

It  is  probable  that  these  estimates  are  very  considerably  in  error. 
The  capacity  of  the  St.  Francis  River,  as  found  by  determining  the 
slope  and  applying  Kutter's  formula,  might  seem  to  lead  to  roughly 
correct  conclusions,  but  with  slopes  so  flat,  and  with  channels  so 
irregular  and  crooked  as  those  of  the  St.  Francis,  it  is  probable  that 
the  head  required  in  overcoming  internal  resistances  and  in  turning 
bends  will  be  so  large  a  factor  in  the  flow  as  to  set  at  naught  all  effort 
to  apply  this  formula.  Dependable  estimates  of  the  capacity  of  the 
St.  Francis  at  the  mouth  of  Big  Bay  can  be  made  only  after  a  series 
of  careful  gaugings  of  the  stream  have  been  made  during  high  water. 
The  financial  limitations  of  this  survey  prevented  such  gaugings  being 
made.  For  all  ordinary  floods  the  storage  supplied  by  the  St.  Francis 
reservoir  would  so  modify  the  flow  as  to  prevent  a  high  stage  below 
the  mouth  of  the  floodway,  and  if  the  improvement  for  power  is  made, 
as  previously  suggested,  this  regulation  would  be  complete,  except 
in  the  most  severe  storms,  occurring  at  intervals  of  several  years. 
The  action  of  the  St.  Francis  reservoir,  modifying  as  it  will  the  floods 
from  three-quarters  of  the  drainage  area,  and  the  slower  run-off 
which  will  occur  from  well-drained  soil,  are  the  factors  counted  on  to 
modify  flood  conditions  at  the  mouth  of  the  floodway,  and  farther 
south  in  the  St.  Francis  River. 

It  is  noticeable  in  examining  the  record  of  gaugings  at  the  Iron 
Mountain  Railway  bridge  that  while  stages  of  212  feet  or  more  have 
occurred  five  times  in  fifteen  years  (four  times  as  the  result  of  Missis- 
sippi overflows  above  when  great  quantities  of  Mississippi  River 
water  flowed  through  the  district),  only  once  has  a  stage  of  more  than 
215  feet  been  exceeded,  and  only  twice  has  the  stage  reached  214  feet. 
It  seems  that  upon  reaching  the  stage  of  212  feet,  an  additional  rise  re- 
sults in  so  great  increase  of  cross  section  and  surface  slope  below,  that 
a  large  additional  discharge  does  not  greatly  increase  the  stage.  A 
stage  of  215  feet  at  the  bridge  would  indicate  perhaps  212  or  213 
feet  at  the  outlet  of  Big  Bay.  An  examination  of  old  high- water 
marks  at  the  latter  point  indicated  212.5  feet  as  about  the  highest 
of  these. 

It  may  be  safely  assumed,  therefore,  that  under  all  but  the  most 
extraordinary  conditions  following  the  construction  of  the  proposed 
system,  stages  in  excess  of  213  feet  would  not  occur;  and  should  even 
these  stages  occur,  they  would  last  but  a  short  time. 

Extreme  high  water  at  the  outlet  of  Big  Bay  can  result  only  from 
torrential  rains  in  the  Ozark  Mountains  in  Missouri,  discharging 
through  the  St.  Francis  floodway,  and  it  is  improbable  that  a  maxi- 
mum discharge  through  the  floodway  would  happen  at  the  same  time 
as  the  maximum  discharge  through  the  ditch  system.  If  these 
maximum  discharges  did  not  coincide,  and  only  a  moderate  stage  of 
water  were  flowing  in  the  drainage  ditches  and  in  the  old  channel  of 

230-1 


52 


the  St.  Francis  River,  the  maximum  discharge  through  the  floodway 
into  the  St.  Francis  River,  at  the  outlet  of  Big  Bay,  would  have  a 
ponding  effect  in  these  drainage  outlets,  which  would  not  extend  very 
far  upstream. 

However,  to  provide  against  contingencies,  the  ditches  along  the 
south  line  of  Poinsett  County  and  at  the  south  extremity  of  St. 
Francis  Lake  will  be  built  with  solid  waste  banks  through  which  flood 
gates  will  be  constructed.  Then  in  event  flood  water  should  cause 
the  drainage  ditches  to  overflow,  the  flood  gates  would  be  closed  for  a 
few  days  until  the  water  in  the  ditches  had  receded.  It  is  anticipated 
that  a  well-drained  soil  might  be  shut  off  from  a  drainage  outlet  for  a 
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Fig.  3.— Profiles  of  high  water  in  St.  Francis  River  below  Marked  Tree,  Ark. 

few  days  without  great  loss.  The  only  part  of  the  district  not  entirely 
protected  in  this  way  is  a  small  area  at  the  head  of  Fortune  Slough 
in  the  south  part  of  Poinsett  County  and  west  of  the  St.  Francis  River. 
When  it  is  considered  that  only  a  small  area  in  the  lowest  part  of  the 
district  would,  under  any  conditions,  require  even  the  use  of  these 
levees,  it  may  be  seen  that  the  success  of  the  district  is  in  no  way 
imperiled  by  conditions  at  the  outlet. 

A  careful  comparison  of  the  stages  of  the  Mississippi  at  Helena, 
near  the  outlet  of  the  St.  Francis  River,  with  those  of  the  St.  Francis 
at  the  bridge  near  Parkin  above  described  (fig.  3)  indicate  that  with  a 
stage  of  212  feet  at  the  latter  place  the  discharge  would  not  be  affected 
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by  the  stage  at  Helena,  even  should  high  stage  at  the  two  points 
occur  simultaneously,  which  is  very  improbable.  No  record  exists 
of  a  coincidence  of  high  water  at  Helena  with  high  water  at  Parkin 
except  when  the  latter  was  caused  by  a  failure  of  the  levee  system 
above.  Even  in  these  cases,  the  increased  cross  section  of  the  lower 
St.  Francis  due  to  high  water  in  the  Mississippi  has  in  all  but  one 
instance  resulted  in  a  very  flat  slope,  amounting  to  only  10  to  12  feet 
between  the  Big  Bay  outlet  and  Helena.  As  extreme  high  water  at 
Helena  is  200  feet,  it  is  seen  that  this  will  have  no  effect  on  a  stage 
of  212  feet  at  the  Big  Bay  outlet,  when  no  Mississippi  overflow  is  to 
be  cared  for. 

The  profiles  of  high-water  lines  in  the  St.  Francis  River  during 
extreme  storms  (fig.  3,  p.  52)  were  constructed  from  records  of  stream 
gaugings  at  Marked  Tree,  at  Parkin,  and  at  the  outlet  of  the  St. 
Francis  River.  The  line  for  March  26,  1903,  while  indicating  a  flood 
due  to  Mississippi  overflow,  illustrates  to  some  extent  the  condition 
which  would  exist  with  high  water  in  the  Mississippi  River  and  a  flow 
in  the  St.  Francis  unaffected  by  Mississippi  overflow.  It  is  seen  that 
the  stage  at  Helena  would  not  cause  a  greater  elevation  than  212  feet 
at  Parkin  and  about  210  feet  at  the  outlet  of  the  floodway. 

THE  SURVEY. 

The  object  of  the  survey  was  to  secure  sufficient  information  con- 
cerning the  topographic  and  physical  conditions  of  the  district  to  serve 
as  a  basis  for  a  general  plan  for  drainage.  In  general  the  work  con- 
sisted of  running  base  line  levels  and  lines  of  levels  2  miles  apart  across 
the  district  from  east  to  west,  and  in  locating  and  making  cross  sections 
of  all  streams  and  depressions.  On  account  of  insufficient  funds  for 
completing  the  survey  the  data  are  not  complete  for  the  eastern  and 
western  margins  of  the  district.  Conditions  in  the  bed  of  St.  Francis 
Lake  were  not  determined  as  fully  as  was  desired,  and  no  gaugings  of 
streams  were  made. 

A  base  line  of  levels  was  ran  from  Luxora  north  to  Blytheville,  on 
the  St.  Francis  and  San  Francisco  Railroad;  thence  west  on  the 
Jonesboro,  Lake  City  and  Eastern  Railroad  to  Nettleton;  thence 
southeasterly  along  the  St.  Louis  and  San  Francisco  Railroad  to  Big 
Creek,  and  north  on  the  same  road  to  Luxora.  The  circuit  of  about 
120  miles  closed  within  about  0.25  of  a  foot.  Secondary  base  lines 
were  run  from  Leachville  south  to  Dague,  from  Big  Lake  south  and 
east  to  Wilson,  and  south  along  the  St.  Francis  River  to  Parkin. 
The  detail  level  lines  were  practically  all  checked  by  closing  on  one 
another  on  the  base  lines.  In  several  cases  small  errors  were  made 
which  have  not  been  corrected,  and  these  are  all  noted  in  the  list  of 
bench  marks.    Bench  marks  were  set  at  each  half  mile  on  the  level 
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lines.  As  a  rule  these  consist  either  of  copper  nails  or  of  copper 
rivets  2  inches  long  set  in  notches  in  the  roots  of  trees,  the  trunk 
being  blazed  and  marked  by  a  timber  scribe  with  the  letter  assigned 
to  the  instrument  man  seams;  the  bench  mark,  and  with  its  number. 
For  instance,  the  mark  "F-153"  cut  on  the  face  of  the  tree  indicates 
that  the  bench  mark  is  Xo.  153  in  the  series  set  by  Fairley.  In  Part 
II  of  this  report  the  bench  marks  are  listed  according  to  the  section, 
township,  and  range  in  which  they  are  located,  the  number,  location, 
elevation,  and  description  being  given,  with  a  note  indicating  the 
amount  by  which  the  bench  mark  may  be  in  error  in  case  of  those 
which  were  not  satisfactorily  checked.  An  examination  of  numerous 
stone  and  iron  bench  marks  along  the  Mississippi  River  indicates  that 
when  they  are  set  loosely  in  the  ground,  as  is  generally  the  case,  their 
elevations  change  from  year  to  year,  and  that  they  are  not  so  perma- 
nently reliable  as  bench  marks  made  in  the  roots  of  trees.  It  is 
believed  that  those  made  on  this  survey  will  prove  to  be  a  lasting 
benefit  to  the  district  in  the  future.  Their  destruction  or  removal 
is  prohibited  by  statute. 

All  streams,  bayous,  and  depressions  of  importance,  except  some 
of  those  along  the  eastern  and  western  margins  of  the  district,  were 
located  by  traverse  lines,  and  were  cross  sectioned  at  frequent  inter- 
vals to  determine  their  capacity  and  condition.  All  measurements 
were  made  by  stadia,  courses  being  taken  by  compass  bearings. 

It  was  not  the  object  of  this  survey  to  locate  land  lines,  and  bench 
marks  set  at  corners  are  not  to  be  used  for  determining  locations,  as 
the  locations  are  only  approximate. 

THE  PLAN. 
SUMMARY  OF  THE  PROPOSED  PLAN. 

The  plan  includes: 

(1)  Provision  for  carrying  through  this  district  the  water  dis- 
charged from  more  than  4.000  square  miles  in  Missouri  and  from 
Clay  and  Greene  counties  in  Arkansas,  1,500  square  miles  of  which 
are  hilly  or  mountainous  territory.    (See  fig.  1.  p.  8.) 

(2)  Provision  for  main  drainage  channels  to  carry  the  drainage 
water  from  more  than  1.500  square  miles  within  the  district. 

(3)  Provision  for  a  complete  system  of  detail  drainage. 

(4)  Adjustment  of  the  plans  to  the  possible  requirements  of  navi- 
gation, power  development,  and  other  interests. 

The  proposed  reclamation  works  may  be  outlined  briefly  as  follows: 
A  floodway  between  dikes  to  carry  the  water  of  the  St.  Francis  River 
is  planned  to  extend  from  the  north  line  of  Craighead  County  southerly 
along  St.  Francis  Lake  to  its  south  end;  thence  southwesterly  to  Big 
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Bay  and  down  Big  Bay  to  the  enlarged  channel  near  its  mouth.  A 
branch  floodway  similarly  constructed  to  carry  the  waters  of  Little 
River  is  planned  to  begin  at  the  state  line  and  to  extend  southerly 
along  Big  Lake,  and  thence  in  a  general  southwesterly  direction  to 
the  St.  Francis  floodway.  The  bed  of  St.  Francis  Lake  will  form  a 
regulating  reservoir,  making  possible  the  use  of  a  smaller  floodway 
than  would  otherwise  be  practical.  In  excavating  earth  for  building 
the  floodway  levees,  large  ditches  will  be  constructed  outside  the 
floodways,  which  will  be  used  to  their  full  capacity  for  carrying  the 
drainage  water  from  the  adjacent  land.  The  channels  of  St.  Francis 
and  Tyronza  rivers  and  Little  River,  being  thus  relieved  from  the 
flood  waters  of  Missouri,  will  be  improved  sufficiently  to  carry  the 
remainder  of  the  waters  of  the  district.  A  system  of  lateral  ditches 
averaging  1  mile  apart  will  furnish  thorough  drainage  for  every  part 
of  the  area. 

THE  FLOOD  WAYS. 

Beginning  at  the  state  line  on  the  east  side  and  at  the  north  line 
of  Craighead  County  on  the  west  side,  levees  are  planned  on  each  side 
of  St.  Francis  Lake  to  confine  the  w^aters  of  the  river  within  the  lake 
bed.  Ditches  will  be  constructed  east  and  west  along  the  northern 
boundary  of  the  district  to  collect  all  waters  coming  from  the  north 
and  to  lead  them  into  the  floodway.  The  waste  banks  will  be  depos- 
ited on  the  south  side  of  the  ditches,  forming  levees  to  protect  the 
lands  of  the  district  from  overflow  around  the  upper  end  of  the  flood- 
way  levees.    (See  fig.  8,  p.  58.) 

For  about  18  miles  south  from  the  state  line  the  flow  of  the  river 
through  the  lake  bed  will  not  be  impeded,  neither  will  its  surface,  be 
raised  to  any  great  extent.  For  the  lower  12  or  14  miles  the  lake 
bed  will  act  as  a  storage  reservoir,  moderating  through  the  lower 
floodway  the  flow  resulting  from  storms  in  the  mountainous  region 
of  the  Upper  St.  Francis  River.  By  the  use  of  this  reservoir  the 
lower  floodway  ma}^  be  made  narrower  than  would  otherwise  be 
required.  The  lands  of  the  St.  Francis  Lake  bed,  included  in  this 
reservoir  and  upper  floodway,  are  for  the  most  part  either  in  the 
permanent  lake  bed  or  so  low  as  to  be  reclaimed  only  with  difficulty. 

From  the  lower  end  of  St.  Francis  Lake  the  floodway  is  planned  to 
extend  southwesterly  to  Big  Bay  and  down  that  stream  to  its  enlarge- 
ment a  few  miles  above  its  mouth.  The  floodway  will  be  about  half 
a  mile  wide,  carrying  water  8  to  12  feet  deep  in  extreme  flood,  which 
will  have  a  surface  slope  of  about  4  inches  to  the  mile.  Ditches  out- 
side the  floodway  will  be  formed  by  the  excavation  made  by  building 
the  levees,  and  these  will  be  employed  to  carry  the  local  drainage 
water  of  the  district. 
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A  branch  floodway,  similarly  constructed,  is  planned  to  begin  at  the 
state  line  and  extend  southerly  along  Big  Lake  and  thence  south- 
westerly to  its  junction  with  the  St.  Francis  floodway. 

West  of  St.  Francis  Lake,  in  the  northern  part  of  Craighead  County, 
a  considerable  area  of  land  within  the  district  will  be  drained  into 
the  floodway.  This  will  be  done  by  digging  a  ditch  outside  the  flood- 
way  levee  and  preventing  it  from  overflowing  by  a  secondary  levee 
until  its  water  can  be  brought  to  the  same  elevation  as  that  inside 
the  floodway;  the  inside  levee  will  then  be  discontinued  and  the 
water  discharged  into  the  floodway,  where  it  can  be  carried  almost 
without  additional  cost.  By  this  plan  the  cost  will  be  perhaps 
$200,000  less  than  if  ditches  were  constructed  to  carry  this  water 
below  the  ground  surface  the  entire  length  of  the  district.  In  the 
same  manner  the  drainage  of  the  area  between  the  St.  Francis  and 
Little  River  floodways  is  discharged  into  the  St.  Francis  floodway, 
except  that  of  a  few  square  miles  just  above  the  junction,  which  must 
be  carried  under  the  Little  River  floodway  by  means  of  an  under- 
ground conduit.  The  northeastern  corner  of  Mississippi  County 
also  can  be  drained  effectively  into  the  Little  River  floodway. 

A  ditch  running  east  and  west  along  the  state  line  will  divert  all 
the  remaining  water  from  Missouri  into  the  two  floodways  except 
that  from  perhaps  a  hundred  square  miles  near  Big  Lake,  which 
must  be  carried  underneath  these  ditches  and  their  adjoining  levees 
and  discharged  into  the  ditches  outside  the  floodways.  By  this  plan 
Missouri  land  will  not  be  damaged  in  any  way,  but,  on  the  contrary, 
will  be  benefited  by  the  Arkansas  improvement. 

MAIN  CHANNELS  FOR  CARRYING  THE  WATERS  OF  THE  DISTRICT. 

The  drainage  waters  of  the  district  which  are  not  carried  into  the 
floodways  will  be  removed  by  the  channels  of  Tyronza  River,  the  two 
chutes  of  Little  River,  and  the  St.  Francis  River,  and  by  the  large 
ditches  outside  the  floodways.  Of  the  local  drainage  waters  approxi- 
mately a  third  will  be  carried  in  the  improved  natural  channels, 
about  a  third  in  the  ditches  outside  the  floodways,  and  the  remainder 
by  the  floodways. 

This  plan  may  be  adopted  at  present,  and  the  construction  of  the 
various  parts  be  carried  out  from  time  to  time  as  demand  arises  for 
the  development  of  different  localities;  the  construction  of  the  flood- 
way  system,  however,  being  necessary  to  the  further  development  of  a 
large  part  of  the  area. 

The  carrying  out  of  this  plan  will  result  in  the  complete  reclamation 
of  practically  every  acre  of  land,  except  that  occupied  by  the  drainage 
works,  within  the  district  in  Mississippi,  Craighead,  and  Poinsett 
counties,  and  will  benefit  large  areas  in  Cross  and  Crittenden  counties. 
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POSSIBLE  METHODS  OF  DISPOSING  OF  WATER  FROM  MISSOURI. 

I.  CONTROLLING  THE  BLACK,  CACHE,  AND  ST.  FRANCIS  RIVERS 

TOGETHER. 

It  would  be  entirely  feasible  from  an  engineering  standpoint  to 
gather  the  waters  of  Black  River,  including  Current  River,  with  those 
of  Cache  and  St.  Francis  rivers,  into  a  single  floodway  near  the 
Arkansas-Missouri  state  line,  and  to  conduct  them  through  the  valley 
of  Cache  and  White  rivers,  discharging  into  White  River  near  its  mouth. 
This  improvement  would  require  somewhat  more  than  100  miles  of 
floodway,  and  would  cost  perhaps  $5,000,000.  It  would  relieve  flood 
conditions  throughout  the  entire  length  of  the  St.  Francis,  Black,  and 
Cache  rivers,  and  would  probably  give  entire  relief  from  overflows  on 
White  River,  except  within  the  region  of  influence  of  backwater  from 
the  Mississippi  River.  The  construction  of  this  system  would  reduce 
by  perhaps  $1,500,000  the  cost  of  the  work  remaining  to  be  done  in  the 
proposed  district,  and  would  relieve  the  lower  course  of  the  St.  Francis 
River.  Much  of  the  possibility  of  water-power  development  else- 
where discussed  would,  however,  be  removed  by  this  method. 

A  careful  comparison  was  not  made  of  the  relative  advantage  of 
this  plan  over  the  one  proposed,  because  of  the  improbability  of  so 
large  a  project  ever  being  carried  out  under  the  existing  conditions. 

II.    THE  DIVERSION  OF  THE  WATERS  OF  THE  ST.   FRANCIS  RIVER  IN 
MISSOURI  INTO  BLACK  RIVER  AND  THENCE  INTO  WHITE  RIVER. 

This  would  only  transfer  the  problem  from  one  locality  to  another, 
and  would  be  difficult  of  accomplishment  in  the  face  of  opposition 
which  would  develop  along  White  and  Black  rivers.  It  therefore 
does  not  merit  further  consideration. 

III.  IMPROVEMENT  OF  EXISTING  CHANNELS. 

The  method  toward  which  all  previous  efforts  to  improve  conditions 
have  been  directed  contemplates  the  improvement  of  the  existing 
channels  in  such  a  maimer  as  to  give  them  sufficient  capacity  for 
carrying  flood  waters.  In  the  light  of  the  survey  just  completed,  this 
plan  is  wholly  impracticable,  and  would  cost  more  than  all  the  land 
in  the  proposed  district  is  worth.  For  several  reasons  its  impractica- 
bility has  not  been  realized.  It  has  been  supposed  that  the  flood 
discharge  of  the  St.  Francis  River  per  unit  of  time  after  improvement 
would  be  about  the  same  as  at  present,  whereas  it  may  be  greater, 
for  at  present  a  great  volume  of  the  flood  water  of  the  streams  of  the 
valley  flows  into  the  lowlands  of  Missouri  and  Arkansas,  which  serve 
as  storage  reservoirs,  allowing  it  to  pass  off  very  gradually.  With 
the  improvement  of  these  streams  and  the  confinement  of  their  waters 
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to  narrow  channels,  run-off  conditions  would  be  so  changed  as  to  set 
at  naught  all  estimates  based  on  their  present  flow.  At  present  the 
flood  discharge  of  these  streams  occurs  when  the  lowlands  are  over- 
flowed and  when  the  water  over  the  land  in  some  parts  of  the  district 
is  8  feet  higher  than  it  must  be  when  the  land  is  in  good  condition  for 
cultivation.  The  capacities  of  the  beds  of  these  streams  below  the 
line  at  which  the  water  must  be  carried  are  so  small  as  to  be  wholly 
insufficient  for  carrying  even  the  local  drainage  water  of  the  spring 
months.  In  fact,  the  bottom  of  the  Left-Hand  Chute  of  Little  Kiver 
is  so  nearly  at  the  same  elevation  as  the  adjoining  land  that  it  is  only 
with  difficulty  that  any  important  use  can  be  made  of  this  apparently 
large  and  commodious  channel.  It  would  be  far  less  expensive  in 
many  cases  to  dig  entirely  new  channels  to  carry  the  flood  waters 
than  to  improve  those  already  in  existence  sufficiently  to  serve  the 
purpose  required. 

IV.    THE  PLAN  RECOMMENDED. 

The  method  proposed  in  this  report  is  the  construction  of  floodways 
between  levees,  carrying  the  St.  Francis  and  Little  Kiver  waters  above 
the  surface  of  the  ground,  and  for  the  most  part  outside  of  the  channels 
they  now  occupy,  leaving  the  latter  to  assist  in  carrying  the  local 
drainage  water  of  the  district.  The  cost  of  a  wholly  adequate  system 
of  floodways  would  be  perhaps  20  per  cent  of  the  cost  of  improving 
the  natural  channels  sufficiently  to  accomplish  the  same  purpose, 
while  at  the  same  time  with  this  method  the  natural  channels  would 
be  preserved  for  other  uses.  The  leveeing  of  the  present  channels  of 
Little  River  and  of  the  St.  Francis  River  is  not  to  be  desired,  because 
the  banks  of  these  streams  are  about  10  feet  higher  than  the  land  on 
which  the  floodways  are  located.  In  some  cases  the  ground  surface 
along  the  floodwaj^s  is  lower  than  the  beds  of  these  streams.  The 
water  level  between  the  dikes  of  the  Little  River  floodway  will  be 
lower  at  flood  stage  than  the  ground  level  along  either  chute  of  that 
stream.  For  maps  and  profile  of  the  district  showing  proposed 
improvements,  see  figures  4,  5,  6,  7,  and  8. 

In  the  plan  adopted  it  is  assumed  that  the  hill  waters  of  Little  River 
will  be  diverted  into  the  Mississippi  River  at  Cape  Girardeau.  This 
course  has  definitely  been  decided  on  by  the  board  of  directors  of  the 
Little  River,  Missouri,  drainage  district. 

THE  FLOODWAY  SYSTEM. 

The  St.  Francis  floodway  will  begin  at  the  intersection ' of  the  St. 
Francis  River  channel  with  the  north  line  of  the  district,  and  will 
extend  south  along  the  channel  of  the  St.  Francis  River  and  Lake  to 
the  south  end  of  the  lake,  thence  southwesterly  across  a  low  area  to 
Big  Bay,  and  down  the  depression  of  Big  Bay  to  a  point  near  its  outlet 
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into  the  St.  Francis  River.  From  this  point  the  bay  has  a  sufficient 
channel  for  carrying  all  water  of  flood  flows.  The  floodway  as  planned 
will  consist  of  two  levees  confining  the  water  of  the  St.  Francis  River 
between  them.  An  enlargement  through  the  St.  Francis  Lake  will 
form  a  reservoir,  serving  to  moderate  the  flow  of  water  in  the  lower 
floodway  and  in  the  St.  Francis  River  farther  south. 

A  discussion  of  the  rate  of  inflow  into  the  St.  Francis  River  chan- 
nel at  the  foot  of  the  Ozark  Mountains  is  included  in  the  subject  of 
run-off  on  page  32.  The  greatest  average  rainfall  for  ten  days  which 
has  been  recorded  for  the  entire  watershed,  in  May  and  June,  1893, 
was  about  9.7  inches.  As  this  plan  provides  for  carrying  off  9  inches 
from  the  entire  mountain  watershed  in  ten  days,  it  is  seen  that  it  con- 
templates a  rainfall  perhaps  50  per  cent  greater  than  the  greatest 
which  has  been  recorded;  for  probably  in  a  most  extreme  case  not 
more  than  two-thirds  or  three-fourths  of  the  rainfall  of  a  ten-day 
period  would  run  off  during  that  time. 

Between  the  foot  of  the  Ozark  Mountains  and  the  upper  end  of  the 
floodway  is  a  channel  130  miles  long,  through  which  the  flood  flow 
must  pass.  At  present  a  large  part  of  the  water  entering  the  upper 
end  of  this  channel  overflows  into  Cache  and  Black  rivers,  and  never 
reaches  the  lower  end.  The  floodway  must  be  planned,  however,  to 
be  of  sufficient  capacity  when  the  river  channel  in  Missouri  has  been 
leveed  and  protected  from  overflow.  When  it  is  so  improved,  a  large 
part  of  the  maximum  flood  flow  through  that  State  must  be  carried 
outside  the  channel,  between  levees  set  at  a  considerable  distance 
apart. 

At  the  beginning  of  a  heavy  storm  the  water  between  these  levees 
would  be  comparatively  shallow,  and  would  move  slowly.  As  the 
flood  flow  increased,  the  velocity  of  flow  also  would  increase,  so  that 
the  flow  of  greater  depth  would  tend  to  overtake  the  flow  of  less  depth. 
Therefore,  the  increase  in  the  rate  of  flood  flow  into  the  reservoir  from 
the  lower  end  of  the  130  miles  of  channel  would  be  more  rapid  than 
the  increase  of  flow  from  the  mountains  into  the  upper  end  of  this 
same  channel.  Assuming  that  the  flow  outside  the  channel  and 
between  levees  would  be  10  feet  deep  in  time  of  extreme  flow,  with  a 
surface  slope  of  1  foot  to  the  mile,  an  estimate  was  made  of  the  effect 
of  the  130  miles  of  channel  upon  the  flow  into  the  reservoir,  in  case 
of  the  maximum  storm  considered  in  this  report.  The  following 
table  indicates  the  movement  of  the  flood  out  of  the  hills  and  into 
the  upper  end  of  the  130  miles  of  channel,  and  the  movement  of  the 
same  flood  out  of  the  lower  end  of  the  channel  and  into  the  floodway 
of  the  proposed  district  near  the  state  line.  The  principal  feature 
to  be  noted  is  that  as  the  flood  flow  increases  the  deeper  flow  of  the 
maximum  flood  has  a  greater  velocity,  and  tends  to  overtake  the 
lower  flow  of  the  beginning  of  the  flood,  with  the  result  that  the  rate 
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of  flow  increases  more  rapidly  at  the  lower  end  of  the  130  miles  of 
channel  than  at  the  upper  end. 

Estimated  rate  of  flow  into  and  out  of  130  miles  of  leveed  channel  between  the  Ozark  Moun- 
tains and  the  upper  end  of  the  proposed  district  in  time  of  assumed  maximum  storm  of 
ten  days1  duration. 


Day. 

Flow  in  cubic  feet  per 
second. 

Day. 

Flow  in  cubic  feet  per 
second. 

At  outlet 
from  hills. 

At  en- 
trance to 
reservoir. 

At  outlet 
from  hills. 

At  en- 
trance to 
reservoir. 

1  

20,200 
20,200 
30, 400 
40.500 
60,700 
60,700 
40,500 
30,400 

9  

20,200 
20, 200 

30. 400 
30, 400 
20, 200 
20,200 
20,200 

2  

10  

3  

11  

4  

20,200 
40,000 
60,700 
60.700 
41,000 

12  

5  

13  

6  

Total . . 

7  

344, 000 

344,000 

8  

The  inflow  into  the  upper  end  of  the  channel  represents  an  assumed 
maximum  storm,  the  exact  like  of  which  would  never  occur,  so  the 
table  is  valuable  as  representing  a  tendency  rather  than  a  particular 
case. 

In  estimating  the  working  of  the  floodway  and  reservoir  system 
the  assumed  maximum  storm  as  noted  above  was  considered  in  the 
modified  form  in  which  it  would  reach  the  reservoir  after  passing 
through  the  leveed  channel  between  the  hills  and  the  floodway. 
That  is,  the  flow  into  the  floodway  is  assumed  to  be  that  represented 
in  the  second  column  of  the  above  table.  It  is  also  assumed  that  a 
flow  of  one-fourth  of  an  inch  from  the  entire  watershed  outside  the 
Ozarks  will  occur  at  the  same  time  as  the  flood  from  the  mountains; 
and  no  storage  capacity  is  calculated  for  the  reservoir,  except  that 
which  is  left  after  the  water  has  risen  to  such  a  height  that  one-fourth 
of  an  inch  in  twenty-four  hours  from  the  entire  area  of  flat  and  moun- 
tain land  is  flowing  out  of  the  reservoir  and  into  the  lower  floodway. 

Including  the  discharge  from  flat  land,  the  inflow  into  the  upper 
end  of  the  reservoir  during  the  flood  season  assumed  above  would  be 
as  follows:  First  day,  39,000  second-feet;  second  day,  58,800  second- 
feet;  third  day,  79,500  second-feet;  fourth  day,  79,500  second-feet; 
fifth  day,  59,800  second-feet;  sixth  day,  49,200  second-feet;  seventh 
day,  49,200  second  feet;  eighth  day,  39,000  second-feet;  ninth  day, 
39,000  second-feet. 

The  constant  high-water  flow  before  and  after  the  storm  is  assumed 
to  be  28,800  second-feet.  If  an  outlet  floodway  2,700  feet  wide  is 
constructed  the  depth  of  flow  in  it  before  and  after  the  flood  will  be 
about  7  feet,  and  the  reservoir  will  be  filled  to  an  elevation  of  226 
feet.  As  231  feet  has  been  fixed  for  the  limit  to  which  the  water  in 
the  reservoir  should  be  allowed  to  rise,  there  is  a  storage  depth  of  5 
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feet  in  the  reservoir  available  for  modifying  the  flow  of  extreme 
storms.  The  resulting  storage  capacity  is  about  4,700,000,000  cubic 
feet. 

As  the  rate  of  inflow  of  flood  water  into  the  reservoir  during  a  storm 
increases  the  water  surface  in  the  reservoir  will  rise,  with  the  result 
that  there  will  be  a  deeper  flow  into  the  outlet  floodway.  After  the 
flood  has  passed  the  water  surface  of  the  reservoir  will  fall,  and  so 
there  will  be  a  lower  flow  into  the  outlet  floodway.  In  determining 
the  value  of  the  reservoir  for  storage  purposes,  the  variable  character 
of  both  the  inflow  and  outflow  must  be  considered.  Figure  9  repre- 
sents graphically  the  moderating  effect  of  the  reservoir  upon  floods 


44,800 
41,600 
33,400 
35,300 
32.000 
28.800 
25.600 
22.400 
19,200 
16,000 
IS.80O 
3.6  OO 
€.400 
3,200 
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The  Inflow  Curve  represents  the  total 
quantity  of  water  which  has  entered 
the  reservoir  at  any  time  during 
the  storm. 

The  Discharge  Curve  represents 
the  total  outflow. 

The  distance  between  the  Inflow 
Curve  and  the  Storage  Curve 
represents  the  Storage  Capacity 
of  the  reservoir. 
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V.  a  DEPT.  AGRICULTURE  -  OFFICE  OF  EXR  STA.  . 
DRAINAGE  INVESTIGATIONS 


DIAGRAM  REPRESENTING  STORAGE  EFFECT 
OF  ST  FRANCIS  RESERVOIR  — 
DURING  ASSUMED  MAXIMUM  STORM 


TIME  IN  HOURS 


/6       32     48      6+     60     36      IIS     126     144     160     176     /92    208    224  240 

Fig.  9.— Diagram  representing  storage  effect  of  St.  Francis  reservoir. 

due  to  the  storm  considered  above,  and  with  an  outlet  floodway  2,700 
feet  wide;  this  width  having  been  found  to  be  necessary  under  the 
conditions  assumed.  In  this  figure  the  numbers  at  the  left  hand  repre- 
sent millions  of  cubic  feet,  and  those  at  the  bottom  hours  of  time 
during  the  course  of  the  flood.  Three  lines  are  shown  in  the  figure. 
The  first  represents  the  total  inflow  into  the  reservoir  during  the 
storm.  For  instance,  at  the  end  of  one  hundred  and  twelve  hours 
the  amount  which  has  flowed  into  the  reservoir  is  25,600,000,000 
cubic  feet.  This  line  is  marked  ''inflow  curve."  Now,  since  the 
capacity  of  the  reservoir,  as  stated  above,  is  4,700,000,000  cubic  feet 
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up  to  an  elevation  of  231  feet,  it  is  evident  that  the  excess  of  water 
which  has  flowed  into  the  reservoir  over  that  which  has  flowed  out 
must  never  be  more  than  4,700,000, 000  cubic  feet,  or  the  water  would 
rise  higher  in  the  reservoir  than  is  desired.  The  line  on  the  diagram 
marked  ' 'maximum  storage  curve"  is  at  a  vertical  distance  from  the 
maximum  inflow  curve,  representing  4,700,000,000  cubic  feet.  As 
the  difference  between  the  total  inflow  and  total  outflow  must  never 
be  greater  than  4,700,000,000  cubic  feet,  if  the  water  surface  in  the 
reservoir  is  to  be  kept  below  the  desired  elevation  of  231  feet,  it  fol- 
lows that  the  11  discharge  curve "  must  always  fall  between  these 
two  lines,  if  the  reservoir  is  not  to  be  overtaxed.  After  repeated 
trials  it  was  found  that  these  conditions  are  fulfilled  where  the  outlet 
floodway  is  2,700  feet  wide,  and  the  maximum  discharge  curve  on  the 
figure  represents  the  outflow  with  a  floodway  of  that  width.  The 
discharge  curve  was  developed  by  calculating  the  discharge  for  short 
intervals  of  time  and  for  correspondingly  small  increments  of  depth 
in  the  reservoir. 

The  surface  of  the  ground  along  the  line  of  the  outlet  floodwa}^  has 
not  a  uniform  slope,  and  it  will  therefore  be  necessary  to  plan  a  flood- 
way  of  varying  width  after  a  careful  survey  of  the  location  has  been 
made,  making  it  wider  on  ground  having  a  flat  slope  and  narrower 
when  the  slope  is  greater. 

The  outlet  floodway  is  planned  to  be  2,700  feet  wide,  with  a  maxi- 
mum depth  of  flow  of  12  feet  and  a  maximum  discharge  of  75,000 
second-feet.  In  case  of  a  storm  so  extreme  as  that  discussed  the 
reservoir  would  have  but  small  regulating  effect  upon  the  lower  river. 
However,  such  a  storm  will  probably  occur  not  oftener  than  once  in 
a  generation,  if  at  all.  The  increase  in  the  proposed  width  of  the 
floodway  over  that  stated  in  the  preliminary  report  was  made  because 
on  a  more  thorough  investigation  of  run-off  conditions,  it  was  con- 
sidered possible  that  while  the  maximum  flood  flow  considered  in  the 
preliminary  report  probably  will  never  be  reached,  a  flood  may  last 
for  a  longer  time,  and  therefore  more  nearly  exhaust  the  capacity  of 
the  reservoir.  In  all  but  the  most  extreme  and  unusual  storms  the 
high  water  flow  would  be  of  so  much  shorter  duration,  and  would  be 
so  modified  by  the  reservoir  that  the  greatest  outflow  from  the  reser- 
voir would  be  not  more  than  half  the  greatest  inflow  into  it.  A  more 
extensive  examination  of  run-off  conditions  may  justify  a  reduction 
of  the  estimated  discharge,  which  would  lead  to  a  narrowing  of  the 
floodway  to  perhaps  two-thirds  of  the  width  here  planned  and  to 
planning  lower  levees.  The  levees  are  planned  to  extend  5  feet 
above  the  extreme  high-water  line  as  estimated  above;  and  this 
again  is  a  factor  of  safety  which  may  be  reduced  upon  further  exami- 
nation. 
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In  concluding  this  discussion  it  inay  be  said  that  a  very  large 
factor  of  safety  has  been  used,  because  the  run-off  conditions  are  not 
well  worked  out.  It  is  expected  that  a  more  thorough  examination 
will  result  in  very  materially  reducing  the  estimated  cost  of  this  part 
of  the  project. 

THE  LITTLE  RIVER  FLOOD  WAY . 

In  making  the  preliminary  report  a  reservoir  was  planned  at  the 
upper  end  of  the  Little  River  floodwa}T,  in  the  bed  of  Big  Lake.  Fur- 
ther investigation  has  led  to  the  conclusion  that  it  is  desirable  to  drain 
almost  the  entire  bed  of  Big  Lake,  making  a  floodway  wide  enough  to 
accommodate  the  entire  flow.  This  change  increases  the  cost  to 
some  extent,  but  adds  perhaps  7;000  acres  to  the  amount  of  land 
which  may  be  redeemed,  and  does  not  increase  the  necessary  height 
of  the  levees.  The  floodway  is  planned  to  be  4,000  feet  wide  through 
the  lake  bed,  decreasing  to  1,000  feet  in  the  narrowest  parts.  An 
estimated  run-off  of  one-fourth  inch  in  twenty-four  hours  from  the 
entire  tributary  drainage  area  of  about  2,100  square  miles  was  used 
in  estimating  the  dimensions  of  the  Little  River  floodway,  giving  an 
estimated  total  run-off  of  about  14,000  cubic  feet  per  second.  The 
first  4  miles  may  require  to  be  replanned  with  a  large  dredged  channel 
through  the  ridge  west  of  Big  Lake. 

DIMENSIONS   OF   THE   LEVEES   AXD  DITCHES  ALONG  THE  FLOODWAYS. 

Figure  1 1  indicates  sections  adopted  for  the  floodways.  A  slope  of 
3  to  1  has  been  planned  on  the  water  side  of  the  levees,  except  where 
water  will  stand  permanently,  as  in  the  upper-part  of  the  Little  River 
floodway,  for  which  a  slope  of  4  to  1  was  adopted.  On  the  land  side 
of  the  levees  a  4  to  1  slope  is  specified  from  the  ground  up  to  a  line 
seldom  reached  by  water,  above  which  the  slope  will  be  2  to  1.  A 
crown  of  10  feet  is  used  throughout.  The  berm  between  the  levee 
and  the  ditch  is  planned  to  be  50  feet  wide,  and  a  side  slope  of  3  to  1 
is  specified  on  the  side  of  the  ditch  adjoining  the  levee.  The  ditch 
outside  the  floodway  is  planned  to  be  10  feet  deep  or  less,  with  a  few 
exceptions,  while  the  muck  ditch  under  the  levee  is  planned  to  be 
10  feet  deep.  It  is  believed  that  this  construction  as  a  whole  is 
conservative  and  safe.  Figures  10-13  give  the  dimensions  of  levees 
and  floodways,  with  the  amount  of  land  occupied  in  the  lake  beds. 
Sections  of  levees  are  also  given  with  the  tables. 

THE  DITCH  SYSTEM. 

Figure  14,  sheets  1  and  2,  contains  a  list  of  all  the  ditches  planned 
as  a  part  of  the  completed  project,  including  improved  sections  of 
Tyronza  and  St.  Francis  rivers,  and  the  Right-Hand  Chute  of  Little 
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River,  while  figure  2  (p.  42)  illustrates  representative  sections  of 
lateral  ditches.  The  following  notes  explain  points  not  fully  brought 
out  in  the  tables: 

The  term  ^minimum  ditch/ '  is  used  to  designate  the  smallest  size 
planned  on  the  project.  With  a  fall  of  1  foot  to  the  mile,  and  with 
the  water  in  the  ditch  flowing  1  foot  below  the  ground  surface,  this 
size  of  ditch  has  a  capacity  of  about  180  second-feet,  and,  according 
to  the  formula  adopted  for  determining  run-off  on  the  lands  of  the 
interior  of  the  district,  will  drain  an  area  of  between  11  and  12  square 
miles.  In  those  places  along  the  floodway  where  the  dimensions  of 
the  ditches  are  determined  by  the  requirements  of  the  levees,  the 
bottom  widths  of  the  ditches  will  vary  as  variations  in  the  ground 
surface  demand  higher  or  lower  levees.  The  ditches  are  planned  to 
have  sufficient  capacity  with  the  water  surface  at  flood  flow  1  foot 
below  the  surface. 

Ditch  No.  1  extends  along  the  northern  boundary  of  the  district, 
from  the  base  of  Crowleys  Ridge  east  to  the  floodway.  The  waste 
bank  thrown  to  the  south  will  form  a  low  levee,  preventing  water 
from  entering  the  district  from  the  north.  The  ditch  will  collect 
water  reaching  the  boundary  of  the  district  from  the  north  and 
convey  it  to  the  floodway,  thus  preventing  damage  to  lands  out- 
side the  district  by  the  construction  of  the  levee.  Ditch  No.  1  will 
be  a  minimum  ditch,  except  for  the  last  mile,  which  will  be  made 
larger  on  account  of  the  necessity  for  a  higher  levee.  The  levee  formed 
by  the  waste  bank  will  connect  with  the  floodway  levee,  forming  an 
unbroken  line. 

Ditches  Nos.  2  to  9,  inclusive,  are  minimum  ditches  located  on  paral- 
lel east  and  west  section  lines.  On  a  part  of  the  area  drained  by  ditches 
Nos.  2  to  9  a  larger  run-off  is  estimated  on  account  of  the  close  nature  of 
the  soil  in  the  region  east  of  Crowleys  Ridge.  It  is  reported  that  a 
ditch  is  being  constructed  north  and  south  through  this  territory  in  the 
bed  of  Big  Bay.  The  dimensions  of  this  ditch  as  reported  are  entirely 
insufficient  for  carrying  the  water  of  the  tributary  area.  To  use  it  for 
an  outlet  ditch  would  require  it  to  be  redredged,  and  this  work  is 
unnecessary,  as  the  outlet  ditch  must  be  constructed  in  building  the 
floodway  levees.  The  most  economical  attitude  toward  the  upper 
Big  Bay  ditch,  therefore,  is  to  ignore  it  in  planning  a  general  system. 

Ditch  No.  10  is  a  collecting  ditch,  located  for  the  purpose  of  divert- 
ing as  much  water  as  possible  into  the  floodway  so  as  to  save  the 
expense  of  carrying  it  in  ditches  below  the  ground  for  the  entire  length 
of  the  district.  Where  it  crosses  the  Little  Bay  ditch,  a  levee  should 
be  constructed  across  the  latter  to  prevent  any  water  from  flowing 
south. 

Ditch  No.  11  for  the  first  10  miles  will  serve  to  collect  the  water  of 
Crowleys  Ridge.    By  giving  it  a  proper  location  along  the  base  of  the 
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ridge  a  greater  slope  will  be  secured  and  the  water  carried  more 
cheaply  than  if  it  should  be  allowed  to  flow  over  the  surface  of  the 
ground  to  the  lowest  part  of  the  basin,  to  be  carried  south  where  the 
slope  of  the  ground  surface  is  much  less.  This  same  advantage  may 
be  secured  in  case  of  the  other  collecting  ditches.  All  collecting 
ditches  along  the  base  of  Crowleys  Ridge  will  require  detailed  surveys 
for  their  correct  location.  The  run-off  from  their  drainage  areas  is 
calculated  as  being  three  times  as  great  as  for  similar  areas  in  the 
interior  of  the  district. 

As  a  matter  of  f act,  the  run-off  from  Crowleys  Ridge  will  have  all  the 
elements  of  hill  run-off,  and  may  exceed  even  the  rate  estimated. 
However,  by  throwing  the  waste  banks  on  the  downhill  side  of  the 
ditches  to  make  low  banks,  overflows  will  be  effectively  prevented. 
From  its  junction  with  No.  10  ditch  No.  11  will  flow  east  to  the  ditch 
outside  the  floodway,  and  will  discharge  into  it.  A  levee  should  be 
constructed  across  Big  Bay  to  prevent  any  water  flowing  down  that 
depression,  or  the  ditch  constructed  in  it,  and  a  similar  levee  should  be 
built  on  the  south  side  of  ditch  No.  11  for  the  last  half  mile  of  its 
course. 

Ditch  No.  12  will  be  excavated  in  building  the  levee  on  the  west 
side  of  the  floodway.  For  the  first  6  miles  the  excavation  required 
to  build  the  levees  is  greater  than  that  required  for  the  ditch.  Below 
the  intersection  of  No.  11a  large  ditch  is  to  be  constructed,  with  a 
levee  on  each  side,  discharging  into  the  floodway  4  miles  north  of  the 
south  line  of  Craighead  County.  The  size  of  the  ditch  is  so  calculated 
that  the  back  water  from  the  floodway  will  not  cause  overflows  above 
the  upper  end  of  the  secondary  levee.  The  ditch  is  extended  into  the 
floodway  to  the  old  channel  of  the  St.  Francis  River.  From  the 
point  where  it  enters  the  floodway  the  inside  levee  is  discontinued, 
while  the  outside  one  is  extended  as  the  floodway  levee.  By  this 
device  all  of  the  water  from  the  north  part  of  the  district  is  diverted 
into  the  floodway  without  lessening  in  any  way  the  thoroughness  of 
the  drainage.  After  the  water  is  discharged  into  the  floodway,  the 
cost  of  carrying  it  to  the  outlet  is  negligible.  The  undoubted  advan- 
tage of  this  method  over  the  system  now  being  pursued  in  Craig- 
head County  can  not  be  questioned.  That  the  redemption  of  this 
area  must  be  accomplished  in  part  by  leveeing  the  St.  Francis  River 
can  not  be  doubted.  By  the  policy  being  pursued  at  present  in 
Craighead  County,  of  draining  north  and  south  parallel  to  the  St. 
Francis  River,  it  will  not  be  possible  to  divert  any  of  the  local  drainage 
water  into  the  floodway.  If  this  policy  were  carried  out  the  extra  cost 
to  the  entire  district  would  be  perhaps  $300,000  more  than  by  the  plan 
here  presented,  and  this  loss  would  have  no  compensating  benefits. 
The  ditches  planned  heretofore,  however,  are  so  entirely  inadequate 
for  thorough  drainage  that  those  south  of  ditch  No.  1 1  will  fit  into  the 
general  system  fairly  well  as  lateral  drains. 
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Ditches  Xos.  13  to  32  are  minimum  lateral  ditches.    The  run-off  for 

those  on  the  heavy  clay  soil  west  of  Big  Bay  is  figured  as  twice  that 
from  the  interior  of  the  district.  The  survey  was  not  completed  in  the 
territory  occupied  by  ditches  Xos.  27  to  36. 

Ditch  Xo.  33  follows  Little  Bay.  The  ditch  now  being  constructed 
down  Little  Bay  will  probably  be  about  large  enough  for  the  place 
that  will  be  left  it  to  fill  in  the  project  ;  about  nine-tenths  of  the  water 
now  tributary  to  it  will  be  removed  by  ditches  Xos.  11  and  34.  It 
would  be  completely  inadequate  for  the  purpose  for  which  it  is  now 
being  constructed. 

Ditches  Xos.  34  and  35  are  collecting  ditches  to  be  located  along  the 
base  of  Crowley s  Ridge.  It  is  quite  probable  that  by  building  levees 
and  check  gates,  where  these  collecting  ditches  cross  low  places  along 
the  base  of  the  ridge,  small  reservoirs  may  be  formed  to  supply  water 
for  rice  irrigation.  A  very  small  amount  of  rain  would  keep  these 
reservoirs  supplied,  as  the  ditches  would  collect  water  from  large  areas 
and  carry  it  to  the  reservoirs.  Here  as  elsewhere  the  areas  tributary 
to  collecting  ditches  along  Crowleys  Ridge  are  calculated  to  have 
three  times  as  great  run-off  as  those  in  the  interior  of  the  district. 

Ditch  Xo.  36  is  located  in  the  bed  of  Big  Bay.  The  ditch  now  being 
planned  for  this  location  by  Craighead  County  will  be  about  large 
enough  after  all  the  other  ditches  here  planned  are  constructed,  and 
when  all  water  from  the  north  is  cut  off  by  ditch  Xo.  11,  but  would 
be  completely  inadequate  for  the  purpose  for  which  it  is  planned. 

Ditch  Xo.  37  is  a  minimum  ditch  constructed  along  the  south  line 
of  Poinsett  County,  and  emptying  into  the  floodway  ditch.  It  is 
intended  to  leave  a  solid  waste  bank  on  the  south  side  of  this  ditch  to 
fully  insure  the  area  to  the  north  from  overflow  in  case  of  most  extreme 
high  water  below.  A  flood  gate  at  the  outlet,  together  with  the  sec- 
ondary levee  along  the  floodway  ditch,  will  complete  this  provision 
against  overflow. 

Ditch  Xo.  38  extends  along  the  floodway  from  the  outlet  of  ditch 
Xo.  12  to  the  lower  end  of  the  floodway,  where  it  discharges  into  Big 
Bay.  The  side  slope  next  the  levee  is  made  3  to  1,  to  prevent  slough- 
ing of  the  bank  as  a  result  of  seepage  through  the  levee  base.  The 
added  section  resulting  from  this  flatter  side  slope,  as  well  as  the 
greater  fall,  makes  necessary  a  somewhat  narrower  bottom  width  to 
this  ditch  than  is  specified  for  Xo.  36,  which  empties  into  it.  The 
lower  part  of  Xo.  38  represents  a  departure  from  the  policy  of  having 
no  ditches  over  10  feet  deep,  as  it  has  a  depth  of  12  feet.  It  is  believed 
that  the  lower  section  will  be  in  a  heavy  clay  soil,  and  therefore  will 
not  be  liable  to  cave.  From  the  outlet  of  ditch  Xo.  24  to  the  south 
line  of  Poinsett  County  a  small  secondary  levee,  perhaps  4  feet  high, 
should  be  constructed  on  the  west  side  of  this  ditch,  and  solid  waste 
banks  should  be  left  along  the  lower  parts  of  ditches  25,  26,  35,  and 
36,  where  the  elevation  of  the  ground  is  below  218. 
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Small  wooden  flood  gates  through  the  waste  banks  of  these  ditches 
may  be  found  to  be  necessary  in  case  of  unprecedented  high  water  in 
the  St.  Francis  River,  causing  an  insufficient  outlet  for  ditch  No.  38. 
It  is  not  believed  that  any  such  recourse  will  be  necessary,  but  there 
is  a  remote  possibility  that  it  will  be,  for  a  few  days  at  a  time,,  at 
intervals  of  several  years. 

From  its  upper  end  to  the  outlet  of  ditch  No.  36,  No.  38  must  be 
constructed  larger  than  is  necessary  in  order  to  build  the  floodway 
levees,  but  below  the  outlet  of  ditch  No.  36  the  excavation  for  the 
ditch  is  much  greater  than  that  needed  to  build  the  levees.  If  the 
work  is  done  by  a  hydraulic  suction  dredge,  nearly  all  the  excavated 
material  should  be  placed  in  the  levee,  as  the  additional  strength  of 
the  levee  would  be  a  desirable  factor  in  the  development  of  a  power 
plant  at  the  lower  end,  requiring  a  dam  across  the  floodway. 

The  outlet  of  this  ditch  will  require  either  a  narrower  and  deeper 
section,  or  an  overfall  weir,  to  prevent  the  ditch  washing  out  and 
damaging  the  levee. 

Ditch  No.  39,  located  along  the  Missouri- Arkansas  line,  and  carry- 
ing drainage  water  from  Missouri  west  into  the  St.  Francis  floodway  , 
will  have  a  solid  waste  bank  or  levee  on  the  south  side,  and  will  per- 
form a  function  similar  to  that  of  ditch  No.  1,  in  preventing  the  over- 
flow of  the  district  from  the  north.  With  a  bottom  width  of  40  to  50 
feet,  it  will  alleviate  overflow  conditions  in  Missouri,  but  will  not  be 
large  enough  to  drain  completely  the  land  tributary  to  it  in  Missouri. 
If  the  St.  Francis  River  is  leveed  in  Missouri  there  will  be  an  undrained 
pocket  in  that  State  where  this  ditch  and  the  levee  unite,  unless  some 
method  is  adopted  to  complete  the  reclamation.  This  can  be  effected 
by  continuing  ditch  No.  39  at  a  distance  of  100  or  200  feet  west  of  No. 
58,  and  building  a  levee  to  the  west  of  No.  39,  the  ditch  being  extended 
southward  with  a  very  flat  gradient,  until  the  back  water  in  it  from 
the  floodway  will  not  affect  the  land  to  be  drained  in  Missouri. 

Nos.  40  to  51  are  minimum  ditches.  For  Nos.  40  to  46  incomplete 
surveys  were  made.  It  may  be  desirable  to  leave  solid  waste  banks 
2  or  3  feet  high  along  the  lower  courses  of  Nos.  44  to  49,  with  openings 
which  may  be  closed  in  time  of  the  most  exceptional  high  water. 
This  protection  probably  will  never  be  necessary. 

No.  52  for  the  first  7  miles  is  a  minimum  ditch,  having  a  bottom 
width  of  16  feet  and  a  depth  of  7  feet. 

Ditches  No.  53  to  56  are  of  minimum  size. 

Ditch  No.  57  is  an  outlet  for  numerous  other  laterals. 

Solid  waste  banks,  with  openings  which  may  be  closed  in  time  of 
most  extreme  high  water  in  the  floodway,  may  possibly  be  necessary 
near  the  outlets  of  ditches  Nos.  54  to  57  for  protection  in  time  of  most 
extreme  floods. 
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Ditch  No.  58  extends  along  the  east  side  of  the  St.  Francis  flood- 
way,  to  receive  all  water  from  ditches  40  to  57.  It  may  be  found 
desirable  to  locate  this  ditch  in  the  depression  east  of  Cane  Island, 
building  the  levee  as  high  as  is  necessary  on  the  west  side  of  the  island. 
The  side  slope  of  this  ditch  next  the  levee  will  be  3  to  1,  and  on  the 
opposite  side  1  to  1.  A  small  secondary  levee  2  to  4  feet  high  may  be 
necessary  on  the  east  side  of  the  ditch,  from  ditch  No.  44  to  the  outlet, 
with  openings  which  can  be  closed  in  time  of  most  extreme  high  water 
in  the  floodway.  For  the  last  3|  miles  the  secondary  levee  should  be 
about  equal  to  the  outside  levee  in  height.  It  will  be  built  partly  by 
the  excavation  from  ditch  No.  103.  Ditch  No.  58  discharges  into  the 
St.  Francis  floodway  at  the  outlet  of  the  Little  River  floodway. 

Ditch  No.  59  is  entirely  similar  to  No.  39,  except  that  it  flows  east 
into  the  Little  River  floodway,  and  all  remarks  concerning  the  former 
ditch  apply  equally  to  it. 

Nos.  60  to  68  are  minimum  ditches,  emptying  into  ditch  No.  69. 

No.  69  extends  along  the  west  side  of  the  Little  River  floodway, 
being  formed  of  the  excavation  for  building  levees;  and  for  this  reason 
throughout  most  of  its  course  it  is  larger  than  is  necessary  for  carrying 
the  tributary  drainage  water.  From  the  outlet  of  ditch  No.  68  a 
secondary  levee  will  restrain  the  water  in  this  ditch  to  prevent  it  from 
overflowing  in  time  of  high  water  in  the  St.  Francis  floodway.  The 
part  of  this  secondary  levee  in  Mississippi  County  is  built  by  the  exca- 
vation from  ditch  No.  104.  The  side  slope  of  ditch  69  next  the  levee 
will  be  3  to  1,  and  on  the  other  side  1  to  1.  The  ditch  empties  into 
the  St.  Francis  floodway,  and  extends  half  a  mile  into  the  floodway  to 
the  old  channel  of  the  St.  Francis  River,  in  order  to  furnish  a  low- 
water  outlet. 

Ditches  Nos.  70  to  75  are  designed  to  drain  the  northeast  corner  of 
Mississippi  County  into  the  Little  River  floodway,  including  the  run- 
off from  a  small  area  in  the  extreme  southeast  corner  of  Missouri, 
which  will  not  be  diverted  to  the  west  by  Missouri  ditches  now  under 
construction.  A  very  considerable  saving  will  be  effected  by  this 
plan  over  the  cost  of  carrying  this  drainage  water  below  the  ground 
surface  to  the  south  side  of  Poinsett  County.  The  drainage  can  be 
made  as  complete  in  one  case  as  in  the  other. 

Nos.  70  and  72  will  require  no  excavation,  being  located  in  existing 
channels. 

No.  71  drains  Walkers  Lake  into  Pemiscot  Bayou. 

No.  73  drains  Flat  Lake  into  Pemiscot  Bayou. 

No.  74  follows  the  old  outlet  of  Flat  Lake,  into  Pemiscot  Bayou, 
and  thence  follows  that  bayou  north  for  about  4  miles.  It  will  require 
very  little  excavation. 

Ditch  No.  75  begins  in  Buford  Lake,  extending  through  Grassy 
Lake  to  Pemiscot  Bayou  and  down  that  bayou  to  the  point  where  the 
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bayou  turns  south.  From  here  the  ditch  extends  about  a  mile  to  the 
northwest,  to  a  point  a  few  hundred  feet  from  the  state  line,  and 
thence  west  parallel  to  and  a  few  hundred  feet  south  of  the  state  line 
to  the  Little  River  floodway.  A  levee  will  be  constructed  for  the  last 
8  miles  by  the  earth  excavated,  to  protect  the  bed  of  Big  Lake  from 
overflow  from  Missouri.  The  region  in  Missouri  just  north  of  this 
levee,  which  is  too  low  for  gravity  drainage  into  the  Little  River 
floodway,  will  require  to  be  leveed  on  all  sides,  and  either  to  be  pumped 
out  or  to  be  drained  by  an  inverted  siphon  under  the  levee  and  ditch 
No.  75.  This  latter  method  is  entirely  practicable,  and  ditch  No.  96 
is  made  of  sufficient  capacity  to  carry  the  water.  The  expense  of 
the  reclamation  would,  of  course,  fall  upon  Missouri  lands. 

Nos.  76  to  85  are  minimum  ditches  and  empty  into  ditch  No.  126 
on  the  east  side  of  the  lower  Little  River  floodway. 

Nos.  86  to  95  are  minimum  ditches  emptying  into  ditch  No.  96. 
No.  91  may  require  a  solid  waste  bank  for  the  last  half  mile,  with 
openings  which  may  be  closed  in  time  of  most  extreme  high  water. 
No.  93  should  have  a  levee  on  the  east  side  for  the  last  mile,  with  a 
small  flood  gate  at  its  outlet,  allowing  drainage  water  from  the  very 
low  land  just  to  the  north  to  enter  the  ditch.  It  is  probable  that 
the  flood  gate  here  never  will  be  needed,  and  certainly  will  not  be 
needed  oftener  than  once  in  several  years. 

Ditch  No.  96  at  its  upper  end  is  formed  by  the  construction  of  the 
Little  River  floodway  levee.  From  the  point  where  the  floodway 
leaves  Big  Lake  this  ditch  will  run  south  to  the  Right-Hand  Chute 
of  Little  River,  and  will  follow  the  course  of  that  stream  to  the  west 
quarter  corner  of  section  11,  township  13  north,  range  8  east.  From 
this  point  the  channel  of  Right-Hand  Chute  is  abandoned,  while  the 
ditch  bears  due  west,  emptying  into  ditch  No.  126  outside  the  Little 
River  floodway.  The  use  of  Right-Hand  Chute  for  a  drainage  chan- 
nel is  one  of  the  more  unsatisfactory  features  of  this  project.  In 
order  to  drain  the  bed  of  Big  Lake  the  depth  of  this  channel  must  be 
increased  to  from  14  to  18  feet,  and  it  is  not  certain  how  well  the 
banks  will  stand  at  this  depth,  especially  in  a  crooked  channel.  How- 
ever, it  seemed  to  be  the  only  economical  method  to  employ,  and  if 
the  channel  fills  with  sand  or  forms  bars  it  will  require  to  be  redredged. 
No  other  economical  use  can  be  made  of  this  channel.  It  is  wholly 
impossible  as  a  location  for  the  floodway,  as  the  bottom  of  the  stream 
is  higher  than  the  land  on  which  the  floodway  is  located,  while  the 
extreme  high  water  in  the  floodway  will  be  2  to  4  feet  below  the  sur- 
face of  the  ground  along  the  banks  of  this  channel. 

At  the  point  where  Right-Hand  Chute  is  abandoned  it  has  become 
so  small  and  crooked  as  to  be  of  little  use  for  a  main  drainage  channel. 
Moreover,  by  constructing  the  ditch  along  the  floodway,  the  same 
excavation  which  forms  the  ditch  will  furnish  material  for  building 
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the  levees.  The  remainder  of  Right-Hand  Chute  performs  the 
function  of  a  lateral  drain,  and  is  not  of  sufficient  capacity  in  an  unim- 
proved condition  to  drain  even  the  small  remaining  watershed 
tributary  to  it.  In  the  lower  part  of  the  bed  of  Big  Lake,  ditch  No. 
96  may  require  continuous  waste  banks,  with  flood  gates  for  drainage 
in  time  of  high  water.  As  in  other  similar  situations  on  this  project, 
the  drainage  will  be  perfect  without  such  continuous  waste  banks, 
except  in  time  of  very  high  water,  such  as  might  occur  at  intervals  of 
several  years. 

No.  97  is  a  minimum  ditch  running  east  and  west  and  emptying 
into  the  ditch  east  of  the  Little  River  floodway  near  the  line  between 
Mississippi  and  Craighead  counties. 

Nos.  98  to  103  are  minimum  ditches  draining  a  pocket  behind  the 
junction  of  the  St.  Francis  and  the  Little  River  floodwaj^s.  The 
excavation  from  No.  103  will  be  used  in  making  a  secondary  levee 
east  of  No.  58. 

No.  104  is  parallel  to  the  Little  River  floodway  and  lies  north  of 
ditch  No.  65,  there  being  a  secondar\7  levee  between  them.  It  receives 
the  water  from  ditches  Nos.  98  to  103  and  discharges  through  an 
inverted  siphon  underneath  the  Little  River  floodway  and  empties 
into  ditch  No.  126  outside  of  the  St.  Francis  floodway.  The  drainage 
of  this  pocket  can  be  secured  by  no  other  method,  unless  pumping  is 
resorted  to,  which  in  the  long  run  would  be  far  more  expensive  than 
the  construction  of  the  inverted  siphon.  For  the  ditch  system  the 
same  run-off  is  calculated  as  for  the  other  ditches  in  the  interior  of 
the  district,  but,  in  designing  the  inverted  siphon,  a  run-off  of  1 
inch  in  twenty-four  hours  from  the  entire  watershed  of  the  pocket 
is  assumed,  for  the  ve-  Al  at  this  construction  can  not  be  enlarged 
economically  after  it  ib  constructed,  and  it  is  desirable  to  have 

it  of  such  size  that  there  is  no  danger  of  its  not  having  sufficient 
capacity.  The  construction  of  the  siphon  is  illustrated  in  figure  15 
and  a  section  of  the  Little  River  floodway  at  the  location  of  the 
siphon  is  illustrated  in  figure  16.  As  wide  a  berm  as  possible  should 
be  left  between  No.  104  and  No.  69.  The  channel  of  No.  104  above 
the  culvert  should  be  constructed  very  much  larger  for  a  few  hundred 
feet  to  furnish  a  basin  for  catching  sand  and  silt,  which  otherwise 
would  enter  the  culvert.  This  pocket  can  be  cleaned  out  occasionally, 
if  necessary. 

Nos.  105  to  111  are  minimum  ditches  emptying  into  No.  126  out- 
side the  St.  Francis  reservoir. 

Nos.  112  to  116  are  minimum  ditches  emptying  into  the  Right- 
Hand  Chute  below  the  outlet  of  No.  96.  The  natural  channel  has 
sufficient  capacity  to  dispose  of  the  discharge  from  these  ditches 
without  any  improvement  as  far  south  as  ditch  No.  117. 
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No.  117  diverts  the  water  of  the  Right-Hand  Chute 
to  the  west  into  ditch  No.  126,  as  the  channel  of 
the  Right-Hand  Chute  is  too  small  below  this  point 
to  carry  the  water. 

Nos.  118  to  121  are  minimum  ditches  in  Poinsett 
County  below  the  St.  Louis  and  San  Francisco  Rail- 
road, emptying  into  No.  126. 

Nos.  122  to  124  are  minimum  ditches  discharging 
into  No.  125. 

No.  125  is  a  minimum  ditch  for  the  first  7  miles 
and  for  the  remainder  of  the  distance  is  8  feet  deep 
with  a  12-foot  bottom,  and  with  1  to  1  side  slopes. 
A  small  levee  will  be  constructed  to  the  south  and 
east  of  No.  125  by  depositing  the  waste  bank  of  the 
ditch  to  the  south  and  east,  and  at  its  outlet  into 
No.  126  a  flood  gate  will  be  constructed,  which,  with 
the  secondary  levee  along  the  east  side  of  No.  126, 
will  effectively  protect  the  inclosed  area  from  over- 
flow in  case  high  water  in  the  lower  St.  Francis  re- 
sults in  an  insufficient  outlet  for  the  ditch  along  the 
floodway.  It  is  improbable  that  this  protection  ever 
will  be  needed,  but  its  adoption  is  recommended  as 
a  factor  of  safety. 

No.  126  is  located  on  the  east  side  of  the  Little 
River  floodway,  the  St.  Francis  reservoir  and  the 
St.  Francis  floodway.  It  begins  about  2\  miles  from 
the  point  where  the  Little  River  floodway  leaves 
Big  Lake.  The  levee  on  the  east  side  of  the  flood- 
way  between  this  point  and  Big  Lake  will  be  made 
by  a  ditch  constructed  inside  the  floodway.  For  the 
first  12  miles,  to  the  outlet  of  No.  96,  the  size  of  the 
ditch  is  determined  by  the  excavation  necessary 
for  building  the  levee.  From  this  point  to  the  St. 
Francis  reservoir  an  average  depth  of  13  feet  is 
necessary  in  order  to  secure  a  sufficient  outlet  for 
the  inverted  siphon  under  the  Little  River  flood- 
way.  From  the  outlet  of  No.  117  to  the  St.  Louis 
and  San  Francisco  Railroad  a  greater  excavation  is 
necessary  for  the  ditch  than  is  required  to  build  a 
levee,  the  result  being  that  the  levee  along  this  sec- 
tion will  have  greater  dimensions  than  is  indicated 
in  the  specifications.  At  the  point  where  ditch  No. 
126  crosses  the  lower  channel  of  the  St.  Francis 
River  1,000  cubic  feet  per  second  of  the  extreme  flood 
flow  will  be  diverted  into  the  river  channel,  and  the 
remainder,  or  about  1,300  second-feet,  will  be  carried 
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in  the  remaining  portion  of  the  ditch.  A  secondary  levee  may 
possibly  be  required  for  about  4  miles  above  the  St.  Louis  and  San 
Francisco  Railroad,  in  order  to  prevent  the  overflow  of  the  ditch  onto 
the  lowlands  now  occupied  by  St.  Francis  Lake,  and  a  similar  levee 
will  be  required  from  the  outlet  of  ditch  Xo.  121  to  the  outlet  of  ditch 
No.  125.  From  the  St.  Louis  and  San  Francisco  Railroad  to  a  point 
6  miles  south  of  the  south  line  of  Poinsett  County  the  excavation 
required  for  digging  the  ditch  is  the  same  as  that  needed  for  the  levee. 
From  the  latter  point  to  the  end  of  the  floodway  a  greater  excavation 
is  required  for  digging  the  ditch  than  for  building  the  levee.  The 
lower  end  of  Xo.  126  will  require  to  be  deepened  or  protected  by  a 
weir  to  prevent  its  cutting  to  a  greater  width  than  is  desired  during 
high  water  flow,  and  thus  endangering  the  lower  section  of  the  levee. 

Xos.  127  and  128  are  minimum  ditches  lying  between  the  Right- 
Hand  and  Left-Hand  chutes  of  the  Little  River  and  emptying  into 
the  Left-Hand  Chute. 

Xos.  129  and  130  are  minimum  ditches  draining  shallow  lakes  east 
of  Little  River  into  that  stream. 

Xo.  131  is  a  minimum  ditch  draining  into  Little  River,  a  small 
cypress  lake  just  east  of  Le  Panto. 

Xos.  132  to  134  are  minimum  ditches  lying  between  the  Right- 
Hand  and  Left-Hand  chutes  of  Little  River,  and  draining  into  the 
latter  stream. 

Xo.  135  is  a  minimum  ditch  draining  a  part  of  the  bed  of  the  St. 
Francis  Lake  into  the  Right-Hand  Chute  of  the  Little  River  near 
its  outlet  into  the  St.  Francis  River. 

Xo.  136  is  an  improvement  of  the  St.  Francis  River  between  the 
reservoir  and  the  outlet  of  the  Right-Hand  Chute.  Only  enough 
excavation  will  be  required  to  construct  a  levee  4  feet  high  on  each 
side  of  this  stream.  Probably  such  a  levee  never  will  be  necessary, 
but  it  is  designed  to  secure  fully  the  low-lying  lands  of  the  St.  Francis 
Lake  bed  from  overflow. 

Xos.  137  and  138  are  minimum  ditches  on  the  east  side  of  the  St. 
Francis  River  near  the  south  line  of  Poinsett  County,  emptying  into 
the  St.  Francis  River. 

Xos.  139  and  140  lie  west  of  the  St.  Francis  River  about  4  miles 
above  the  south  line  of  Poinsett  County,  and  empty  into  Steep  Gut 
Slough. 

Xo.  141  is  a  minimum  ditch  east  of  the  St.  Francis  River  on  the 
south  line  of  Poinsett  County,  emptying  into  Broad  Mouth  Lake, 
whence  the  water  wTill  reach  the  St.  Francis  River. 

Xo.  142  is  a  minimum  ditch  west  of  the  St.  Francis  River  near  the 
south  line  of  Poinsett  County,  emptying  into  Fortune  Slough. 

Xo.  143  is  an  enlargement  of  the  Tyronza  cut-off  in  Mississippi 
County,  designed  to  carry  half  the  water  of  Xo.  156.  It  is  designed 
with  a  30-foot  bottom  and  a  4-foot  cut,  and  empties  into  Xo.  177. 
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Nos.  144  to  146  are  minimum  ditches  emptying  into  an  existing 
ditch  3  or  4  miles  north  of  Luxora. 

Nos.  147  and  148  are  minimum  ditches  northwest  of  Luxora 
emptying  into  No.  156. 

Nos.  149  and  150  are  minimum  ditches  emptying  into  No.  151. 

No.  151  has  a  20 -foot  bottom  and  a  depth  of  8  feet  and  empties 
into  No.  156. 

Nos.  152  and  153  are  minimum  ditches  emptying  into  No.  156. 

No.  154  is  a  minimum  ditch  discharging  into  No.  155. 

No.  155  is  23.5  miles  long,  lying  east  of  the  Little  River  and  in 
general  parallel  to  it,  and  empties  into  No.  156. 

Xo.  156  is  25.2  miles  long.  One-half  of  this  water  is  discharged 
through  the  Tyronza  cut-off  into  the  Tyronza  River,  while  the  remain- 
der empties  into  the  same  stream  farther  south.  All  of  the  low  water 
flow  passes  to  the  outlet  of  No.  156. 

Nos.  157  to  164  are  minimum  ditches  east  of  the  Tyronza  Lake 
area,  emptying  into  ditch  No.  165. 

No.  165  is  parallel  to  the  old  ditch  which  was  intended  to  drain  this 
territory,  and  is  25.2  miles  long.  It  will  receive  about  1,200  cubic 
feet  per  second.  From  the  outlet  of  ditch  No.  8  of  Mississippi  County 
an  extra  depth  of  4  feet,  making  a  total  cut  of  16  feet,  is  required  to 
make  the  depth  of  ditch  No.  165  equal  to  that  of  the  outlet  ditch 
for  district  No.  8.    No.  165  empties  into  ditch  No.  177. 

Nos.  166  to  176  are  minimum  ditches  emptying  into  No.  177. 
More  data  is  required  for  the  proper  location  of  Nos.  170  to  172. 

No.  177  for  the  first  3.2  miles  is  a  new  ditch  located  about  1  mile 
north  of  Luxora.  The  next  17.5  miles  is  an  improvement  of  an  exist- 
ing ditch  and  the  remainder  is  an  improvement  of  the  Tyronza  River. 
As  it  is  necessary  to  give  the  Tyronza  River  a  greater  depth  than  that 
at  which  the  banks  can  be  depended  upon  to  maintain  themselves  in 
the  earth  of  this  region,  a  channel  is  planned  of  such  size  as  to  have 
ample  capacity,  after  a  certain  amount  of  deterioration  has  taken 
place  through  bars  forming  in  the  channel,  so  that  even  if  the  main- 
tenance is  imperfect  no  repairs  will  be  required  for  a  considerable 
number  of  years.  A  ditch  which  is  now  being  constructed  from  Dead 
Timber  Lake  to  Big  Creek,  near  the  north  part  of  Crittenden  County, 
is  intended  to  divert  a  considerable  part  of  the  water  of  the  Tyronza 
River  into  Big  Creek.  If  the  region  about  Tyronza  Lake  is  to  be 
redeemed  it  will  necessitate  a  water  level  in  the  Tyronza  River  so 
low  in  the  ground  that  this  cut-off  between  Dead  Timber  Lake  and 
Big  Creek  will  be  entirely  useless  for  carrying  water  from  Tyronza 
River;  in  fact,  in  any  improved  channel  of  the  Tyronza  River,  as 
planned,  the  extreme  high-water  line  will  be  lower  than  the  bottom 
of  the  cut-off  ditch  between  Dead  Timber  Lake  and  Big  Creek,  so 
that  instead  of  flowing  through  this  cut-off  the  water  of  Dead  Timber 


78 


Lake  would  flow  north  into  the  Tyronza  River.  This  is  an  illustra- 
tion of  the  great  loss  which  is  bound  to  result  from  efforts  to  redeem 
this  region  by  small  districts  having  no  relation  to  each  other. 

Nos.  178  to  180  are  minimum  ditches  emptying  into  No.  181. 

Nos.  181  to  185  empty  into  Dead  Timber  Lake.  More  data  are 
needed  to  determine  their  proper  location. 

CROSSINGS  AND  BRIDGES. 

The  Little  River  floodway  will  cross  the  right  of  way  of  the  Jones- 
boro,  Lake  City  and  Eastern  and  of  the  Paragould  and  Memphis  Rail- 
road. In  each  case  a  pile  bridge  will  be  required  across  the  flood- 
way.  The  Jonesboro,  Lake  City  and  Eastern  Railway  also  crosses 
the  St.  Francis  Lake  at  Lake  City  and  will  require  new  approaches 
upon  the  construction  of  the  floodway  system.  The  St.  Francis 
floodway  will  cross  the  St.  Louis  and  San  Francisco  Railway  through 
two  existing  pile  trestles,  and  the  only  interference  here  will  be  in 
arranging  for  the  passage  of  excavating  machinery  under  the  bridges. 
These  are  the  only  instances  of  the  crossing  of  railroads  by  the  flood- 
way  system.  The  system  of  lateral  ditches  is  planned  so  as  to  require 
a  minimum  number  of  railroad  crossings,  and  none  of  these  is  through 
a  high  grade.  -  But  few  wagon  roads  will  be  interfered  with.  Two 
public  highways  are  crossed  by  the  right  of  way  of  the  St.  Francis 
floodway,  and  perhaps  one  by  the  Little  River  floodway.  The  cost  of 
constructing  crossings  for  highways  and  railroads  over  the  floodways 
is  estimated  as  a  part  of  the  cost  of  the  project.  Other  crossings  and 
bridges  should' not  be  charged  against  the  drainage  project. 

MINOR  LEVEES,  FLOOD  GATES,  AND  OTHER  CONSTRUCTIONS. 

In  a  few  instances  tracts  of  land  are  so  low  that  it  is  not  practicable 
to  plan  for  their  drainage  by  gravity  during  extreme  high  water.  In 
these  cases  small  levees  may  be  made  by  leaving  continuous  waste 
banks  in  digging  the  ditches,  and  flood  gates  will  protect  the  areas 
drained  from  overflow  by  extreme  high  water  in  the  ditches.  This 
arrangement  is  planned  for  a  small  area  at  the  south  end  of  Big 
Lake,  for  another  area  at  the  south  end  of  St.  Francis  Lake,  for  the 
land  adjoining  the  St.  Francis  floodway  just  north  of  the  south  line 
of  Poinsett  County  and  above  its  junction  with  the  Little  River  flood- 
way.  Such  protection  will  not  be  required  except  in  time  of  most 
extreme  floods,  at  intervals  of  several  years,  and  experience  may 
prove  that  it  will  not  be  needed  at  all.  The  provisions  are  included 
in  the  plan  to  make  entirely  sure  the  efficiency  of  the  proposed  system. 

Where  the  Little  River  floodway  enters  the  St.  Francis  reservoir  an 
inverted  siphon  will  be  required  to  carry  under  the  floodway  the 
water  from  an  area  too  low  to  be  drained  into  it.  A  concrete  culvert 
is  planned  for  this  construction,  as  illustrated  in  figure  15,  page  74. 
No  other  unusual  constructions  are  required  by  the  plans. 
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RESULTS  TO  BE  EXPECTED. 
COMPLETENESS  OF  DRAINAGE. 

One  of  the  objects  of  this  report  is  to  indicate  the  amount  of  work 
necessary  to  drain  thoroughly  and  completely  all  parts  of  the  pro- 
posed district  in  Mississippi,  Craighead,  and  Poinsett  counties,  Ark. 
It  is  believed  that  the  construction  of  the  system  as  planned,  with 
such  modifications  as  a  detailed  survey  would  suggest,  will  fully 
accomplish  this  purpose  for  practically  every  acre  within  that  area, 
excepting,  of  course,  the  land  within  the  floodways  and  reservoirs. 
Large  areas  in  Cross  and  Crittenden  counties  also  will  be  improved. 

By  complete  drainage  is  meant  the  removal  of  surface  water  so 
quickly  that  the  land  never  will  be  flooded,  and  the  maintenance  of 
the  water  surface  in  the  ditches  at  least  3  feet  below  the  surface  in 
ordinary  high  water,  with  tile  outlets  4  or  5  feet  below  the  surface. 
The  removal  of  surface  water  three  or  four  days  to  two  weeks  after  it 
falls  as  rain  does  not  constitute  good  drainage,  and  land  which  is 
drained  in  this  manner  will  have  but  a  fraction  of  the  value  of  that 
which  is  thoroughly  redeemed.  Experience  in  the  lowlands  of 
Missouri  has  established  the  fact  that  these  low,  flat  areas  require 
ditches  at  intervals  of  not  more  than  1  mile  for  thorough  drainage. 
Further  investigations  may  indicate  that  in  some  of  the  sandy  soils 
ditches  may  be  placed  farther  apart,  and  such  investigations  also  will 
probably  indicate  that  some  of  the  lateral  ditches  throughout  the  dis- 
trict may  be  made  smaller. 

The  construction  of  the  floodway  system,  with  the  improvement  of 
Tyronza  Kiver  and  the  Right-Hand  Chute  of  Little  River  and  ditches 
along  the  state  line,  will  result  in  making  perhaps  a  third  or  a  half  of 
the  land  in  the  district  tillable,  even  if  no  lateral  drains  should  be  con- 
structed at  the  time.  Overflows  would  be  entirely  prevented,  except 
for  water  from  Crowleys  Ridge,  and  the  land  on  ridges  would  receive 
fairly  complete  drainage.  The  ditches  outside  the  floodway  would 
drain  the  adjoining  land  for  a  considerable  distance  and  furnish  out- 
lets for  all  depressions  or  sloughs  which  are  intercepted.  The  con- 
struction of  the  floodways  also  would  give  complete  relief  to  lumber- 
ing operations  throughout  almost  every  part  of  the  district.  With 
this  amount  of  work  completed  the  remaining  ditches  could  be  con- 
structed from  time  to  time  as  demanded. 

HEALTH  CONDITIONS. 

The  agricultural  development  of  this  district  is  to  a  considerable 
extent  dependent  upon  its  settlement  by  persons  coming  from  near-by 
States  on  the  north  and  east,  and  perhaps  no  other  change  in  present 
conditions  aside  from  drainage  would  prove  to  be  so  great  a  stimulus 
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to  immigration  from  that  section  as  the  practical  elimination  of 
malaria.  This  disease  is  perhaps  no  more  prevalent  in  northeastern 
Arkansas  to-day  than  it  was  in  Illinois  and  Indiana  a  generation  ago. 
In  the  parts  of  these  latter  States  which  have  been  thoroughly  drained 
malaria  has  become  almost  a  thing  of  the  past,  ar;d  with  the  thorough 
drainage  of  this  region  it  will  probably  pass  away  here  as  well. 

The  fact  has  become  thoroughly  established  that  certain  species  of 
mosquitoes  are  responsible  for  the  spread  of  malaria,  and  that  no 
malaria  exists  where  none  of  these  mosquitoes  are  found.  It  is 
known,  moreover,  that  these  mosquitoes  breed  in  shallow,  stagnant 
water  and  seldom  come  to  maturity  in  water  in  which  there  are  fish 
or  minnows.  The  thorough  drainage  of  this  territory  will  doubtless 
help  greatly  to  control  the  disease. 

FISHERIES. 

In  the  construction  and  maintenance  of  the  St-.  Francis  reservoir 
the  development  of  fisheries  should  not  be  overlooked.  The  impor- 
tance of  this  subject  may  be  inferred  from  the  following  reference  to 
the  value  of  fisheries  in  the  submerged  areas  along  the  lower  Illinois 
River,  on  page  54  of  the  Illinois  Waterway  Report  of  1909: 

The  80,000  acres  of  submerged  lands  have  a  high  value  for  fish  culture,  the  present 
yield  bringing  $10  per  acre  to  the  fisherman  while  the  consumer  pays  double.    It  id 
not  too  much  to  expect  that  this  crop  will  increase  to  a  value  of  $15  to  $20  per  acre  1 
in  the  future,  or  amount  to  $1,200,000  to  $1,600,000  annually.    Any  policy  of  reclama- 
tion should  zealously  guard  this  source  of  wealth. 

The  St.  Francis  reservoir  would  have  an  area  somewhat  larger  than 
that  above  mentioned,  nearly  all  of  which  is  now  declared  to  be  gov- 
ernment property. 

On  taking  up  the  subject  with  the  Bureau  of  Fisheries  of  the 
Department  of  Commerce  and  Labor,  the  acting  commissioner  stated 
that  the  value  of  fisheries  of  the  proposed  St.  Francis  reservoir 
would  perhaps  be  greater  than  that  of  any  artificial  reservoir  in  the 
United  States.    In  a  letter  on  this  subject  he  states : 

This  office  is  strongly  imbued  with  the  belief  that  there  are  here  presented  great 
possibilities  for  augmenting  the  food  supply  for  a  large  area,  providing  business  and  J 
pleasure  for  many  people,  insuring  the  preservation  and  increase  of  the  food  and 
game  fishes,  and  establishing  a  fish  nursery  of  which  the  surplus  production  may  be 
used  for  the  stocking  of  other  waters. 

He  further  states  that  the  Bureau  of  Fisheries  wrould  cooperate  j 
with  the  district  to  the  fullest  possible  extent  in  developing  the 
fisheries  value  of  the  reservoir.  Whether  the  area  should  be  devel- 
oped for  commercial  fishing,  as  has  been  done  on  the  Illinois  River, 
or  whether  the  district  as  a  whole  would  derive  a  larger  income  from 
it  as  a  fishing  and  hunting  reserve,  thus  attracting  a  large  number  of 
people  to  this  region  during  the  hunting  and  fishing  season,  ism 
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subject  requiring  careful  consideration.  In  any  event,  it  appears 
that  the  St.  Francis  reservoir  may  become  a  very  important  source 
of  revenue. 

RICE  IRRIGATION. 

The  cost  of  irrigating  rice  is  from  $5  to  $10  per  acre  per  year.  The 
water  in  the  St.  Francis  floodway  and  reservoir  flowing  above  the 
surface  of  the  ground  would  furnish  a  supply  of  wrater  by  gravity 
for  many  thousands  of  acres  of  rice  in  the  area  west  of  the  floodway. 
Water  from  this  source  could  be  furnished  at  half  the  cost  of  present 
methods  of  irrigation  and  at  the  same  time  return  a  considerable 
income  to  the  district.  The  great  area  of  the  watershed  would  insure 
an  unfailing  supply  of  water,  which  would  be  required  for  the  most 
part  during  a  season  when  there  would  be  an  abundant  flow,  so  that 
the  use  of  water  for  this  purpose  would  not  greatly  interfere  with  its 
use  for  power.  Moreover,  the  water  would  have  two  to  four  times 
the  value  for  irrigation  which  it  would  have  for  developing  water 
power. 

With  the  further  development  of  this  territory  the  ability  to  procure 
a  gravity  supply  of  water  for  irrigating  such  crops  as  potatoes,  sweet 
potatoes,  cabbages,  and  celery  for  the  northern  market  may  become 
an  important  consideration.  Small  reservoirs  for  rice  irrigation  may 
be  formed  in  the  construction  of  collecting  ditches  along  the  base  of 
Crowleys  Ridge.  woq 

ROAD  IMPROVEMENT. 

In  the  development  of  an  efficient  highway  system,  thorough  drain- 
age for  the  roadway  foundation  is  indispensable.  No  other  factor 
in  road  building  is  of  greater  importance.  The  improvement  of  the 
proposed  district  according  to  the  plan  submitted  would  produce 
excellent  surface  conditions  for  a  complete  system  of  highways.  In 
addition,  many  of  the  lateral  ditches  are  so  laid  out  as  to  be  good 
locations  for  roads,  and  their  waste  banks,  on  being  graded  down, 
would  require  little  improvement  except  surfacing. 

LUMBERING. 

Lumbering  operations  are  now  much  interfered  with  through  the 
difficulty  of  hauling  during  the  wet  seasons.    In  fact  many  parts  of 
the  district  are  so  wet  that  lumbering  can  not  be  carried  on  econom- 
ically at  any  time  of  the  year.    The  construction  of  the  proposed 
floodway  system,  with  the  proposed  improvement  of  Tyronza  River 
and  Right-Hand  Chute,  and  the  smaller  ditches  along  the  state  line, 
would  accomplish  as  thorough  drainage  for  almost  the  entire  terri- 
i  tory  as  would  be  needed  for  lumbering  operations.    A  large  number 
<  of  lateral  ditches  will  be  necessary  to  redeem  the  land  fully  for  agri- 
cultural purposes,  but  except  in  a  few  instances,  such  lateral  ditches 
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will  not  be  necessary  until  the  land  is  cleared.  It  is  a  notable  fact 
that  in  the  promotion  of  many  large  drainage  projects  in  the  lower 
Mississippi  Valley  lumbermen  have  been  among  those  most  actively 
promoting  the  improvements,  on  account  of  the  benefits  received 
directly  through  the  reduced  cost  of  operation. 

RAILROADS. 

The  benefits  of  the  proposed  improvement  to  railroad  companies 
would  be  of  two  kinds:  First,  the  actual  benefit  to  the  right  of  way 
through  making  a  more  stable  roadbed  and  in  reducing  the  cost  of 
maintenance;  and,  second,  by  increasing  the  business  of  the  road 
through  the  development  of  the  district.  The  first-mentioned  benefit 
is  probably  the  only  one  for  which  the  railroads  may  legally  be 
assessed,  but  the  latter  is  by  far  the  more  important,  and  in  view  of 
this  fact  the  railroads  can  well  afford  to  adopt  a  liberal  policy  of 
encouragement  to  the  district.  The  region  is  now  nearly  a  waste, 
except  for  a  strip  of  land  along  the  Mississippi  River,  and  furnishes 
little  traffic  to  the  railroads  except  in  lumber.  With  thorough 
drainage  and  development  it  will  probably  be  capable  of  supporting 
a  denser  population  than  any  other  region  tributary  to  the  roads 
which  pass  through  it  . 

POWER. 

o 

The  generation  of  water  power  in  the  Yazoo-Mississippi  Delta  never 
has  been  undertaken,  and  ^t  first  thought  would  seem  to  be  impracti- 
cable. Yet  in  this  drainage  project  the  opportunity  exists  for  the 
development  of  a  power  plant  which  would  be  of  large  value  in  any 
growing  part  of  the  country,  and  should  be  all  the  more  important 
here  because  it  would  meet  with  little  if  any  competition  from  other 
water-power  plants  in  the  same  region. 

The  conditions  which  make  a  power  plant  possible  as  a  part  of  this 
project  are  these: 

(1)  The  St.  Francis  floodway  must  carry  the  water  from  about 
4,500  square  miles  of  drainage  area. 

(2)  This  water  will  flow  over  the  surface  of  the  ground  between 
levees,  and  at  the  lower  end  will  fall  17  feet  to  the  ordinary  low-water 
surface  in  Big  Bay.  By  maintaining  a  low  dam  across  the  mouth  of 
the  floodway  this  head  may  be  increased  to  25  feet  without  interfer- 
ing with  the  safe  operation  of  the  floodway. 

(3)  The  St.  Francis  reservoir  may  be  used  for  storing  water  for 
power  purposes  without  interfering  with  the  use  planned  for  it  for 
flood  storage. 

Here  are  the  three  essential  elements  necessary  for  the  production 
of  power:  A  large  drainage  area  in  a  humid  region;  opportunity  for 
equalizing  the  flow;  and  a  sufficient  fall  to  produce  power.  The 
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amount  of  flow  at  low-water  stage  can  not  be  determined  accurately 
in  advance  of  the  construction  of  the  drainage  system,  but  it  is 
believed,  from  a  comparison  of  this  with  other  streams,  that  it  will 
not  fall  below  1,000  cubic  feet  per  second.  By  the  storage  of  4  feet 
of  water  in  the  St.  Francis  reservoir  this  flow  can  be  doubled  or 
brought  to  a  minimum  of  2,000  second-feet,  and  this  would  not 
affect  the  use  of  the  reservoir  for  flood  storage,  as  outlined  in  this 
report.  Further  provision  for  storage  would  make  available  3,000 
second-feet  in  time  of  lowest  water.  Considering  that  60  per  cent  of 
the  theoretical  horsepower  from  2,000  second-feet  falling  25  feet 
could  be  delivered  as  far  away  as  Memphis  (35  miles),  the  result  would 
be  about  3,500  horsepower  delivered  at  that  city  or  at  a  point  equally 
distant. 

The  cost  of  this  development  would  be  appoximately  as  follows: 


Dam  at  lower  end  of  St.  Francis  floodway   $100,  000 

Reenforcement  of  levees  at  lower  end   50,  000 

Three  storage  weirs  in  St.  Francis  floodway  and  reservoir   30,  000 

Generators  and  transformers   75,  000 

Transmission  line   20,  000 

Water  wheels  and  accessories   25,  000 

Reserve  equipment   50,  000 


Total  first  cost   350,  000 


Annual  cost: 

5  per  cent  interest  on  investment   17,  500 

Depreciation  and  repair,  10  per  cent   35,  000 

Cost  of  operation   20,  000 

5  per  cent  sinking  fund   17,  500 


Total   90,000 


Income  when  entire  minimum  supply  is  used : 

3,500  horsepower,  at  $75  per  annum   262,  500 

Profit  over  annual  cost   172,  500 


The  reservoir  at  the  head  of  the  floodway  would  make  possible  the 
use  of  the  water  during  all  or  a  part  of  the  day,  as  might  be  necessary, 
so  that,  instead  of  3,500  horsepower  for  twenty-four  hours,  the  pro- 
duction could  be  made  8,400  horsepower  for  ten  hours.  It  is  a 
common  practice  to  sell  electrical  power  at  a  given  amount  per 
horsepower  per  year,  the  charge  each  month  to  be  based  upon  the 
highest  amount  used  at  any  time  during  that  month.  As  not  all 
plants  supplied  by  a  system  will  use  a  maximum  amount  of  power  at  the 
same  time,  it  is  common  practice  for  the  producing  plant  to  sell  two  to 
four  times  as  much  power  as  is  represented  by  the  capacity  of  the 
plant.  If  all  the  power  were  sold  in  this  way  at  the  rate  of  $25  per 
horsepower  per  year  to  plants  running  ten  hours  a  day  the  income 
would  probably  exceed  $75  per  horsepower  for  the  entire  capacity 
of  the  plant.    So  far  as  is  known  no  power  is  now  being  sold  in  the 
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Yazoo-Mississippi  Delta  for  less  than  $120  per  horsepower  per  year  for 
power  actually  used.  The  usual  rate  in  small  towns  using  electric 
light  is  about  10  cents  per  kilowatt  hour,  or  about  $650  per  horse- 
power per  year.  It  is  believed  that  the  lowest  rate  at  which  power 
is  sold  in  Memphis  is  $130  per  horsepower  per  year  for  power  actually 
used  to  guaranteed  users  of  large  amounts. 

Memphis,  being  within  easy  reach,  would  furnish  the  best  market 
for  power  at  the  present  time.  This  city  now  uses  about  four  times 
as  much  power  as  would  be  available  from  this  plant.  It  would 
probably  be  advisable,  also,  to  build  a  transmission  line  through 
Wynne,  Harrisburg,  and  Nettleton  to  Jonesboro.  As  the  actual  cost 
of  producing  electric  power  by  the  small  plants  in  these  towns  is  $200 
to  $400  per  horsepower  per  year,  the  opportunity  to  purchase  cheap 
power  would  be  a  great  benefit.  Other  immediate  uses  would  be 
pumping  water  for  rice  irrigation  and  for  the  operation  of  cotton  gins. 
As  the  country  develops  the  power  can  be  used  for  operating  electric 
railways  and  factories.  In  general,  it  may  be  said  that  the  possession 
of  a  large  supply  of  cheap  power  would  put  this  district  in  the  favor- 
able position  which  is  always  held  by  communities  having  this 
resource. 

The  commercial  eminence  of  Massachusetts  has  resulted  from  the 
development  of  water  power.  Yet  only  one  river  in  that  State  has 
as  large  a  drainage  area  as  that  here  considered;  the  rainfall  is  nearly  50 
per  cent  less;  the  flow  is  more  irregular,  owing  to  the  passing  off  of 
most  of  the  winter  snow  in  a  few  weeks  of  spring  flood;  and  such 
unusual  opportunities  for  regulating  flow  as  would  result  from  the 
construction  of  the  St.  Francis  reservoir  do  not  exist.  In  fact,  the 
power  plant  at  the  lower  end  of  the  St.  Francis  floodway  would  prob- 
ably be  superior  to  any  plant  in  Massachusetts. 

FINANCIAL  RETURNS. 

Two  or  three  years  would  probably  be  required  to  bring  this  project 
to  a  paying  basis,  as  a  market  for  the  power  would  have  to  be  secured. 
In  the  long  run  the  income  should  go  far  toward  paying  the  interest 
on  the  cost  of  the  entire  floodway  system.  The  amount  of  power 
available  could  be  approximately  doubled  by  strengthening  the  res- 
ervoir system  and  installing  an  auxiliary  steam  plant  for  use  during 
periods  of  exceptional  drought.  Should  local  markets  for  the  power 
develop  so  as  to  make  this  further  increase  desirable,  the  profits 
under  a  good  management  should  be  sufficient  to  pay  interest  and 
sinking  fund  and  all  cost  of  maintenance  on  the  floodway  system. 
It  probably  will  be  necessary  to  install  an  auxiliary  steam  plant  to 
furnish  power  during  brief  flood  periods  when  little  head  would  be 
available  on  account  of  high  water  in  the  St.  Francis  River,  and  this 
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plant  would  increase  the  minimum  amount  of  power  to  be  furnished 
during  extreme  dry  periods. 

The  two  advantages  of  the  development  of  this  water  power  would 
be,  first,  the  financial  returns  which  would  lighten  the  burden  of  the 
drainage  development,  and,  second,  the  stimulus  to  industrial  devel- 
opment in  the  community  which  would  result  from  cheap  power. 
The  plant  should  remain  the  property  of  the  district,  and  the  power 
should  be  used,  as  far  as  possible,  in  supplying  the  local  needs  of  the 
district  for  light  and  power. 

WATERWAYS  AND  WATER  TRANSPORTATION. 

The  vigorous  campaign  now  being  made  for  a  system  of  internal 
waterways  is  familiar  to  every  one.  Against  this  movement  stands 
the  fact  that  despite  the  improvement  of  the  rivers  and  canals  their 
use  continues  to  decline  from  year  to  year,  and  it  still  remains  to  be 
seen  whether  canal  transportation  will  ever  again  compete,  to  an 
important  degree,  with  transportation  by  rail.  Yet  in  the  opinion  of 
mairr  students  of  the  subject,  water  transportation  must  be  a  very 
important  factor  in  the  full  development  of  the  country.  This  being 
the  present  status  of  the  subject,  it  would  not  be  wise  to  spend  a 
large  amount  of  money  in  making  water  transportation  possible  in 
the  proposed  district,  until  it  is  fully  proved  that  such  a  course  would 
be  profitable;  while,  on  the  other  hand,  to  destroy  the  possibility  of 
internal  waterway  development  in  devising  a  system  of  drainage 
would  be  doubly  unwise.  An  improvement  of  this  district  at  the 
present  time  should  not  include  large  expenditures  for  waterways, 
but  should  with  great  care  conserve  to  the  future  every  possibility  for 
this  development;  and  this  is  the  course  which  has  been  pursued  in 
the  preparation  of  these  plans. 

Some  of  the  foremost  engineers,  in  considering  methods  of  securing 
a  transportation  channel  through  the  Mississippi  Valley,  have  come 
to  the  conclusion  that  this  result  may  best  be  accomplished  by 
leaving  the  Mississippi  River  channel  and  constructing  a  slack-water 
channel  in  the  lower  part  of  the  valley  away  from  the  river.  The 
floodway  channel  of  this  project,  in  connection  with  the  floodway 
planned  as  a  part  of  the  Little  River  district  in  Missouri,  would  fur- 
nish a  right  of  way  for  such  a  transportation  channel  from  a  point 
near  Cape  Girardeau  to  the  St.  Francis  River  near  Parkin,  a  distance 
of  more  than  150  miles  in  a  straight  line.  The  reservoirs  planned  on 
these  two  projects  would  furnish  a  sufficient  supply  of  water  for 
such  a  channel,  and  the  construction  of  a  transportation  canal  inside 
the  floodway  levees  would  not  in  any  way  interfere  with  the  drainage 
of  the  country. 

In  both  first  cost  and  maintenance,  the  construction  of  such  a 
channel  for  14-foot  navigation  would  probably  be  far  cheaper  than 
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the  improvement  of  the  Mississippi.  It  might  be  continued  down 
the  St.  Francis  River  to  its  mouth,  and,  there  crossing  the  Mississippi 
River,  be  extended  through  the  Yazoo  Valley,  entering  the  Mississippi 
River  again  at  Vicksburg. 

The  effect  of  the  construction  proposed  in  this  report  would  be  to 
improve  the  condition  for  navigation  of  all  of  the  drainage  channels 
of  the  district,  except  the  Left-Hand  Chute  of  Little  River,  and  the 
St.  Francis  River  between  Marked  Tree  and  Parkin.  The  ditches 
outside  the  floodways  will  carry  water  of  sufficient  depth  for  any 
boats  which  now  operate  on  the  rivers.  The  Tyronza  River  and  the 
Right-Hand  Chute  of  Little  River  will  be  improved  so  as  to  carry 
much  larger  boats  than  they  will  at  present.  The  Right-Hand  Chute 
of  Little  River,  with  the  continuing  ditch  down  the  outside  of  the 
St.  Francis  reservoir,  will  form  a  better  transportation  channel  than 
the  Left-Hand  Chute  ever  has  been.  The  St.  Francis  reservoir  and 
ditch  No.  12  would  be  navigable  for  boats  of  a  5-foot  draft  at  any 
time  of  the  year  as  far  upstream  as  Lake  City. 

At  a  cost  of  $50,000  to  $75,000  in  addition  to  that  required  for  the 
proposed  power  plant,  a  transportation  channel  with  a  minimum 
depth  of  water  during  dry  seasons  of  5  feet  and  a  minimum  width  of 
30  feet  can  be  made  throughout  the  entire  floodway  and  reservoir 
system.  This  channel  would  be  secured  by  constructing  across  the 
floodway  dams  about  5  feet  high,  supplied  with  locks,  and  by  exca- 
vating between  the  dams  a  channel  having  a  minimum  depth  of 
water  of  5  feet  during  low  water.  These  dams  would  raise  the  water 
level  at  flood  flow  less  than  6  inches,  according  to  Merriman's  formula 
for  the  flow  of  water  over  submerged  weirs. 

In  compliance  with  the  river  and  harbor  act  of  June  3,  1896,  a 
survey  of  the  lower  St.  Francis  River  was  made  under  direction  of  the 
Chief  of  Engineers  of  the  U.  S.  Army  to  determine  the  practicability 
of  making  the  lower  part  of  that  river  navigable.  In  that  report  the 
cost  of  obtaining  3-foot  navigation  to  Wittsburg  in  time  of  low  water 
is  placed  at  about  $1,000,000  and  the  recommendation  is  made  that 
the  project  is  not  feasible  at  the  present  time.  When  it  is  considered 
that  this  is  the  largest  part  of  the  St.  Francis  channel  and. was  looked 
upon  as  the  only  part  concerning  which  there  was  any  prospect  of 
improvement  to  gain  a  navigable  depth  of  3  feet,  it  is  seen  that  the 
upper  St.  Francis  River  is  in  effect  not  a  navigable  stream  and  can 
not  be  made  such  at  any  reasonable  expense. 

The  proposed  St.  Francis  reservoir,  if  combined  with  a  power 
plant,  would  regulate  the  flow  of  that  stream  by  making  the  low- 
water  discharge  about  three  times  wThat  it  is  at  present,  and  probably 
would  result  in  greater  benefit  than  the  expenditure  of  $1,000,000  in 
improving  the  lower  river.  By  the  moderation  of  floods  in  the  reser- 
voir the  formation  of  sand  bars  would  be  less  rapid,  and  the  higher 
low-water  stage  would  tend  to  hold  a  deeper  channel. 
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The  St.  Francis  River  above  the  mouth  of  Big  Bay,  as  recom- 
mended by  the  engineers  of  the  War  Department  for  the  St.  Francis 
Kiver  in  Missouri,0  should  be  declared  by  act  of  Congress  to  be  not 
navigable,  and  the  drainage  improvement  of  the  region  should  be 
allowed  to  progress  without  hindrance.  At  present  even  small  gaso- 
line boats  can  not  travel  on  the  river  from  Marked  Tree  to  Parkin 
during  several  months  in  the  year.  With  the  construction  of  the 
proposed  drainage  system  the  ditches  outside  the  flood  ways  will 
form  better  drainage  channels  than  the  river  does  at  present,  while 
in  the  floodway  itself  is  the  possibility  of  developing  a  valuable 
transportation  system. 

EFFECT  OF  THE  SYSTEM  UPON  MISSOURI. 

The  Little  River  floodway  would  be  a  continuation  of  a  similar 
construction  in  Missouri.  As  the  Hornersville  Ridge  lies  just  to  the 
west  of  the  Missouri  floodway,  there  would  be  little  if  any  land  on 
that  side  affected  by  the  stage  of  water  on  the  Arkansas  side.  Just  to 
the  east  of  the  Little  River  channel  and  north  of  the  state  line  is  a 
tract  marked  as  area  No.  2,  on  the  map  opposite  page  8,  which  is  too 
low  to  be  drained  into  the  floodway.  The  only  practicable  method  for 
redeeming  this  tract  without  pumping  is  by  building  a  levee  all  the 
way  around  it,  leading  the  drainage  water  from  without  into  an  out- 
let ditch  outside  the  levees,  and  then  carrying  the  water  of  the  inclosed 
area  under  the  ditch  and  levee  along  the  state  line  by  means  of  an 
underground  conduit  into  the  ditch  outside  the  Big  Lake  reservoir, 
where  it  will  have  a  free  outlet.  The  latter  ditch  is  planned  to  be  of 
sufficient  size  to  serve  that  purpose.  All  the  remaining  area  east  of 
the  floodway  in  Missouri  will  be  diverted  into  the  ditch  along  the 
state  line,  through  which  it  will  Row  into  the  Big  Lake  floodway. 

The  ditch  along  the  state  line  w^est  of  the  floodwa}'  will  carry  water 
from  the  north  into  either  the  Little  River  or  the  St.  Francis  floodway, 
and  will  to  a  considerable  extent  relieve  the  conditions  now  existing 
along  the  state  line  in  Missouri.  These  ditches  are  not  planned  to  be 
of  sufficient  size  to  furnish  complete  outlets  for  Missouri  water,  and 
will  require  enlargement  by  the  interests  in  Missouri.  It  is  planned 
on  this  project  to  make  them  of  such  size  as  to  give  partial  relief  to 
Missouri  land  under  present  conditions,  and  to  insure  against  any 
damage  resulting  to  that  land  as  a  result  of  the  levees  built  on  the 
south  side  of  these  ditches. 

The  water  in  the  St.  Francis  channel  in  Missouri  will  not  be  raised 
to  any  marked  extent  b}'  the  construction  of  the  levees  along  the 
St.  Francis  in  Arkansas.  In  order  to  complete  the  drainage  of  area 
No.  5,  on  the  map  above  mentioned,  it  will  be  necessary  to  levee  the 
St.  Francis  River  in  Missouri.    It  will  be  necessary  also  to  carry  this 
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levee  south  and  inside  the  leveed  channel  in  Arkansas,  so  that  two 
levees  and  a  channel  between  them  will  be  on  the  east  side  of  the 
upper  St.  Francis  channel  in  Arkansas,  to  carry  the  drainage  water 
from  the  area  No.  5,  above  mentioned.  This  channel  inside  the 
leveed  channel  of  the  St.  Francis  and  between  the  two  levees  should 
be  made  of  sufficient  size  to  give  the  water  a  very  flat  surface  slope,  and 
should  be  carried  downstream  to  such  a  distance  that  the  backwater 
from  the  main  reservoir  channel  will  not  cause  it  to  overflow  in  area 
No.  5.  The  area  in  Green  County,  Ark.,  directly  west  across  the 
St.  Francis,  may  be  improved  in  the  same  way. 

With  these  provisions  no  damage  will  result  to  Missouri  from  the 
construction  of  the  system,  but  on  the  other  hand  the  land  in  that 
State  will  be  considerably  benefited. 

ADVANTAGES  OF  A  LARGE  DISTRICT. 

In  nearly  every  region  where  drainage  is  undertaken  large  sums  of 
money  are  spent  in  ill-considered  efforts  before  the  necessity  for  a 
thoroughly  efficient,  comprehensive,  and  well-devised  plan  is  realized. 
In  some  regions  work  of  a  temporary  character  later  gives  place  to 
well-devised  and  efficiently  executed  plans;  while  in  other  qases,  as  is 
true  of  the  English  fens,  large  districts  which  could  have  been 
thoroughly  and  economically  drained  by  proper  plans  are  improved 
by  haphazard  efforts  until  the  conflicting  plans  have  been  carried  to  a 
point  where  it  is  practically  impossible  to  reconcile  them  to  a  well- 
considered  system.  The  English  fens,  after  having  been  taxed  more 
than  their  value  for  haphazard  drainage  improvements,  are  now  but 
partially  reclaimed,  and  have  a  market  value  of  perhaps  $30  to  $50 
per  acre  for  agricultural  purposes.  Just  across  the  English  Channel, 
the  Holland  lowlands,  drained  by  a  systematic  and  centralized  plan, 
have  a  value  for  agricultural  purposes  of  hundreds  of  dollars  an  acre, 
and  not  only  supply  the  home  demand  for  truck  products,  but  also 
produce  large  quantities  for  export  to  the  United  States.  It  remains 
for  the  people  of  the  district  to  decide  which  course  will  be  pursued 
in  the  upper  St.  Francis  Valley.  It  is  possible  for  several  parts  of  the 
district  to  be  partially  relieved  by  the  execution  of  haphazard  drain- 
age work,  at  the  cost  of  greater  difficulty  and  increased  expense  for 
the  final  improvement.  But  the  reclamation  of  the  St.  Francis 
Valley  is  a  difficult  problem,  perhaps  as  difficult  as  that  of  any  drain- 
age project  in  the  Mississippi  Valley,  and  until  this  fact  is  realized 
and  is  given  due  weight  in  plans  for  improvements  the  best  interests 
of  the  valley  will  not  be  served. 

It  is  not  necessary,  in  following  a  plan,  for  all  of  the  work  to  be  done 
at  once;  but,  a  proper  system  having  been  adopted,  construction  can 
be  carried  on  year  after  year  as  demand  arises,  the  final  result  being 
an  efficient  system.  This  result  can  be  secured  best  by  an  organiza- 
tion having  charge  of  the  entire  district. 
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ESTIMATE  OF  PROFITS. 

In  estimating  profits  from  the  execution  of  the  proposed  work, 
separate  consideration  may  be  given  to  agricultural  lands,  timber 
lands,  lands  held  for  investment  and  speculation,  railroads,  and  towns 
and  cities. 

The  profit  of  drainage  to  owners  of  agricultural  lands  varies  with 
the  conditions  of  the  land  before  drainage,  the  thoroughness  of 
drainage,  the  fertility  of  the  soil,  and  the  access  to  markets.  Xot 
more  than  5  per  cent  of  the  land  in  this  district  has  sufficient  surface 
drainage,  and  much  of  that  small  fraction  needs  tiling.  The  greater 
part  is  worthless  for  crop  production  in  its  present  condition,  and 
this  would  receive  practically  its  entire  agricultural  value  from 
drainage.  On  a  large  part  of  the  land  now  cultivated  crops  are  fre- 
quently lost  as  a  result  of  an  excess  of  water,  and  yields  are  often 
but  a  fraction  of  what  could  be  secured  with  thorough  drainage. 
On  other  lands  where  crops  are  usually  secured  the  yield  could  be 
largely  increased  by  this  improvement. 

Lands  held  for  investment  and  speculation  will  derive  much  of 
their  value  from  this  improvement.  Probably  between  5,000,000 
and  10,000,000  acres  of  land  are  being  reclaimed  in  the  United  States 
by  drainage  and  irrigation.  That  region  will  be  most  attractive  to 
intelligent  investors  which  gives  the  surest  evidence  of  thorough 
development  in  the  immediate  future.  The  experienced  farmer  with 
capital  knows  that  his  interest  lies  in  paying  a  higher  price  for  land 
which  is  capable  of  immediate  development,  and  from  which  he  can 
at  once  get  returns  on  his  investment,  rather  than  in  purchasing  land 
the  cultivation  of  which  may  be  unprofitable  for  many  years  to  come. 

In  this  regard  it  is  pertinent  to  inquire  whether  the  interests  of  large 
holders  of  timber  lands  lie  in  developing  the  main  drainage  system 
now  or  in  delaying  it  until  practically  all  the  timber  is  removed.  If 
the  main  drainage  system  is  carried  through  at  this  time  the  lateral 
drains  will  be  constructed  as  fast  as  they  are  needed.  Very  many 
tracts  will  at  once  be  improved  and  made  into  productive  farms, 
furnishing  an  object  lesson  of  the  remarkable  productiveness  of  the 
soil.  Roads,  homes,  and  schoolhouses  will  follow,  with  the  result 
that  as  the  timber  lands  are  cut  over  they  can  at  once  be  sold  to 
persons  from  Illinois,  Indiana,  and  Iowa  who  are  willing  to  pay 
good  prices  for  productive  land  in  communities  well  on  the  way  to 
industrial  development.  If,  on  the  other  hand,  drainage  is  post- 
poned until  the  timber  is  largely  removed,  agricultural  development 
will  begin  in  a  country  without  roads,  bridges,  schools,  or  other 
improvements,  and  without  the  high  reputation  over  the  country 
for  productiveness  which  will  follow  the  thorough  development  of  a 
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part  of  the  area.  This  development,  too,  will  take  place  in  compe- 
tition with  that  of  millions  of  acres  of  other  land  throughout  the 
country  where  a  progressive  policy  is  being  pursued,  where  develop- 
ment will  be  well  advanced,  and  where  settlers  on  productive  farms 
are  acting  as  potent  publicity  agents.  A  few  years'  precedence  in 
development,  when  many  large  areas  over  the  country  are  being 
reclaimed,  may  have  an  important  effect  upon  real-estate  values. 

Every  town  and  city  in  the  district  obviously  will  be  benefited 
by  the  agricultural  development  The  district  comprises  about  20 
per  cent  of  the  territory  which  is  most  directly  tributary  to  Mem- 
phis, and  its  development  will  result  in  a  corresponding  increase  in 
the  business  of  that  city.  Jonesboro,  on  the  west,  will  also  be  largely 
benefited,  as  it  has  excellent  railroad  facilities  and  is  more  directly 
in  communication  with  about  half  the  district  than  is  Memphis. 

ADMINISTRATION. 
ORGANIZATION. 

The  two  methods  by  which  the  proposed  district  may  be  organized 
are:  First,  by  working  under  the  general  drainage  law  of  the  State; 
and,  second,  by  the  organization  of  a  drainage  district  by  special 
act  of  the  legislature  covering  the  territory  in  question.  The  advan- 
tage of  the  first  method  is  that  it  permits  of  organization  at  any 
time,  even  though  a  special  law  is  passed  at  some  future  date  to 
cover  this  special  district.  The  advantage  of  finally  working  under 
a  special  act  of  the  legislature  is  that  it  is  difficult  in  a  general  law 
to  make  provisions  for  a  district  of  the  size  and  importance  of  this 
one.  Moreover,  in  most  instances  a  district  is  improved  at  one 
operation,  whereas  in  this  case  it  may  be  desirable  to  organize  a 
district  to  have  control  over  the  area  as  a  whole,  allowing  drainage 
improvements  to  be  carried  forward  as  demand  may  develop,  but 
requiring  all  work  to  conform  to  a  plan  which  will  finally  result  in  a 
well-ordered  and  systematic  improvement. 

FURTHER  SURVEYS  AND  PLANS. 

The  surveys  made  and  the  plan  here  presented  have  as  their  object 
an  outline  of  a  general  system  of  drainage  which  should  be  adopted 
for  the  entire  region.  But  the  plan  is  only  a  general  one  and  before 
it  is  carried  into  effect  complete  surveys  of  the  district  should  be  made. 
Many  changes  in  the  locations  of  lateral  ditches  will  be  necessary, 
especially  along  the  east  and  west  margins  of  the  district,  where  the 
preliminary  surveys  were  not  completed.  Such  detailed  surveys 
should  include  a  careful  examination  of  the  run-off  of  existing  ditches, 
and  certain  stream  gaugings  as  mentioned  elsewhere. 
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As  has  been  stated,  run-off  conditions  in  the  district  will  be  changed 
so  entirely  by  the  construction  of  the  proposed  system  that  the 
future  run-off  can  not  be  judged  by  any  gaugings  made  at  present. 
However,  in  making  further  surveys,  gaugings  should  be  made  at  the 
following  points:  Where  the  St.  Francis  River  leaves  the  hills  a  con- 
tinuous gauge  record  extending  over  a  severe  storm  period,  and 
properly  rated,  would  indicate  to  a  degree  the  run-off  which  will 
occur  in  the  future  at  this  point;  the  St.  Francis  River  should  be 
gauged  at  the  outlet  of  Big  Baj^,  slope  measurements  being  taken 
at  the  same  time,  for  the  purpose  of  determining  the  discharge  of 
the  lower  river  at  any  given  stage;  similar  data  concerning  the  St. 
Francis  at  Marked  Tree  and  the  Tyronza  River  in  Cross  County 
would  be  of  value.  Few  other  gaugings  would  be  very  useful  in 
making  detailed  plans  for  the  work. 

ACQUIRING  RIGHT  OF  WAY. 

The  district  should  absolutely  own  and  control  all  the  right  of  way 
of  the  ditch.  In  this  case  the  fishing  privileges  on  St.  Francis  reser- 
voir and  the  possibilities  of  power  development  at  the  end  of  the 
floodway  system  are  very  important  assets  and  should  not  be  dis- 
posed of. 

POLICY. 

The  success  of  an  undertaking  of  this  size  depends  very  largely 
upon  its  being  carried  out  by  a  conservative,  well-organized,  and 
efficient  business  system.  If  political  considerations  are  allowed  to 
have  weight  in  the  organization  and  operation  of  the  district,  the 
people  of  the  territory  will  pay  for  that  course  in  increased  taxes  and 
decreased  benefits.  The  reclamation  of  the  St.  Francis  Valley  is  one 
of  the  most  difficult  engineering  problems  of  the  Mississippi  Valley, 
.and  unless  handled  in  an  intelligent  and  thoroughgoing  manner  the 
most  successful  results  will  not  be  secured. 

The  proper  policy  to  be  pursued  in  the  drainage  of  this  district  can 
be  embodied  in  two  general  statements: 

(1)  The  improvement  of  the  entire  district  should  be  carried  out 
under  a  single  definite  plan  and  in  such  a  manner  that  when  fully 
completed  the  economical  and  complete  reclamation  of  the  entire 
district  will  be  accomplished. 

(2)  While  the  entire  work  should  conform  to  a  single  well-devised 
plan,  the  drainage  of  separate  parts  of  the  district  should  not  be 
delayed  unnecessarily  because  other  parts  are  not  prepared  to 
undertake  reclamation.  It  is  possible  to  do  a  large  amount  of  work 
in  the  outlying  parts  of  the  district  in  a  way  that  will  bring  immediate 
relief,  and  will,  at  the  same  time,  fit  into  the  general  system. 

The  construction  of  the  floodway  system  would  give  such  general 
relief  that  over  large  parts  of  the  district  no  further  improvement 
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would  be  found  necessary  for  years  to  come.  As  the  demand  for 
thorough  drainage  increases,  the  lateral  drains  could  then  be  con- 
structed one  by  one  as  they  should  become  necessary,  and  in  sub- 
stantial accordance  with  a  complete  plan.  So  far  as  lumbering  oper- 
ations are  concerned,  no  other  work  aside  from  the  construction  of 
the  floodway  system  and  the  improvement  of  Tyronza  River  and 
the  Right-Hand  Chute  of  Little  River  will  probably  ever  be  needed 
in  the  main  body  of  the  district.  Except  in  the  outlying  portions, 
endeavors  to  drain  before  the  floodway  system  is  constructed  must 
end  in  partial  or  complete  failure.  It  is  the  backbone  of  the  whole 
drainage  system,  and  the  policy  of  the  district  should  include  its 
construction  in  the  near  future.  The  construction  of  the  Little 
River  floodway,  with  ditches  along  the  state  line,  at  a  cost  of  less 
than  $1,000,000,  would  relieve  two-thirds  of  the  district  of  all  danger 
of  overflow. 

FUTURE  PROBLEMS. 
COST  OF  MAINTENANCE  AND  REPAIR. 

The  channels  of  the  lateral  ditch  system  are  planned  of  such  size 
that  they  probably  will  not  need  extensive  cleaning  or  repair  for 
several  years,  but  all  drainage  channels  in  this  region  will  require 
repair  eventually  if  they  are  to  maintain  efficiency.  The  cost  of  main- 
tenance will  be  far  less  in  a  large  district  properly  organized  than  in 
numerous  small  districts  where  the  number  of  officials  and  the 
provisions  for  work  must  be  multiplied.  All  the  channels  of  this 
district  are  planned  of  such  size  that  they  will  not  need  extensive 
repair  for  five  or  ten  years. 

The  levees,  when  once  properly  seeded  to  grass  and  fenced  for 
pasture,  can  be  maintained  at  a  very  low  cost.  The  chief  engineer 
of  the  Yazoo  levee  district  on  the  Mississippi  estimates  that  on  the 
completed  levee  system  of  that  district  the  income  from  hay  and 
pasturage  on  the  levees  and  right  of  way  will  pay  the  cost  of  main- 
tenance. The  maintenance  of  a  clean  channel  between  the  levees  of 
the  floodway  is  one  of  the  most  important  questions  in  relation  to 
the  adoption  of  that  plan  of  improvement.  Two  general  plans  are 
suggested  which  might  be  adopted  to  secure  better  conditions.  The 
first  is  to  mow  the  channel  each  year  wherever  weeds  have  begun  to 
grow,  using  a  mowing  machine  on  a  motor  boat,  such  as  is  used  in 
cleaning  rushes  from  the  beds  of  northern  lakes.  The  cost  of  keeping 
the  channel  in  condition  by  this  method  should  not  exceed  50 
cents  an  acre,  or  $6,000  a  year.  The  other  method  consists  in  build- 
ing low  timber  dams,  about  5  feet  high,  across  the  floodways  at 
such  intervals  that  the  deepest  water  in  the  floodway  would  be  5 
feet  and  the  shallowest  about  2  feet  deep  during  lowest  water. 
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The  extreme  flow  anticipated  in  the  floodway  is  a  depth  of  12  feet, 
with  a  velocity  of  2\  feet  per  second.  In  time  of  such  a  flow  the  water 
over  the  5-foot  dam  would  rise  4  or  5  inches  higher  than  it  would  be 
if  there  were  no  dam  across  the  floodway,  according  to  Merriman's 
formula  for  flow  over  submerged  dams.  The  integrity  of  the  levee 
system  would  in  no  wise  be  endangered  by  the  proposed  dams.  If 
built  of  wood  and  backed  with  earth  .the  three  required  for  the  St. 
Francis  floodway  would  cost  probably  less  than  810,000,  and  the  two 
required  for  the  Big  Lake  floodway  less  than  $5,000,  making  815,000 
for  the  cost  of  such  dams  for  the  entire  floodway  system.  This 
expenditure  would  maintain  the  channels  in  good  condition  at  an 
annual  cost  for  maintenance  of  not  more  than  S3, 000.  In  addition, 
these  dams  would  become  a  part  of  a  transportation  system,  and 
would  be  useful  in  connection  with  a  gravity  supply  of  water  for  rice 
irrigation. 

In  the  case  of  Tyronza  River  and  the  right-hand  chute  of  Little 
River,  where  the  channel  is  planned  to  be  deeper  than  that  now  ex- 
isting, sand  bars  may  form  in  some  places  and  may  require  repeated 
attention.  While  it  is  not  desirable  to  construct  channels  as  deep 
as  these  which  are  planned,  no  other  course  seemed  to  be  open,  and 
the  question  of  maintenance  will  not  be  especially  serious,  as  the 
deeper  cuts  are  short. 

High  water  in  the  floodway  will  occur  so  seldom  that  protection 
against  waves  seems  unnecessary,  except  perhaps  by  allowing  a  strip 
of  willows  to  grow  to  a  height  of  8  feet  along  the  inside  of  the  levee 
line.  Within  the  St.  Francis  reservoir  the  timber  should  be  allowed 
to  stand  inside  the  levees,  and  this  will  prevent  damage  from  waves 
for  years,  until  the  trees  decay  and  fall  down.  Other  provision  may 
then  be  found  necessary  in  a  few  places. 

Considered  as  a  whole,  the  annual  expense  for  maintenance  of  the 
completed  district,  beginning  after  some  years'  deterioration,  should 
not  exceed  2  to  4  per  cent  of  the  entire  first  cost  of  the  work. 

TILE  DRAINAGE. 

The  completion  of  the  drainage  system  as  planned  would  result  in 
giving  nearly  every  acre  in  the  district  as  thorough  drainage  as  the 
best  parts  along  the  river  have  at  present.  A  part  of  the  district 
has  a  light  sandy  soil  and  probably  never  will  require  any  further 
drainage  for  its  complete  reclamation.  But  as  in  the  States  farther 
north  it  is  found  that  production  on  heavy  soils  can  be  much  im- 
proved even  where  these  have  good  surface  drainage,  so  it  probably 
will  occur  that  in  this  district  landowners  in  time  will  be  satisfied  with 
nothing  less  than  thorough  tile  drainage  for  the  heavier  soils.  The 
greater  part  of  the  land  in  the  district  now  in  cultivation  would  be 
greatly  benefited  by  tiling. 
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In  planning  a  complete  drainage  system  the  probable  necessity  for 
tile  drainage  in  the  future  should  be  clearly  recognized  and  provided 
for.  It  is  believed  that  every  ditch  planned  in  this  system,  with  the 
possible  exception  of  two  or  three  in  lake  beds,  is  of  sufficient  depth 
to  furnish  complete  outlets  for  such  systems. 

THE  CONSERVATION  OF  SOIL  MOISTURE. 

Perfect  drainage  consists  in  removing  from  the  soil  the  excess  of 
moisture  which  it  may  contain  and  in  retaining  sufficient  moisture 
for  the  supply  of  growing  crops.  Conditions  in  the  proposed  district 
are  especially  favorable  for  accomplishing  this  purpose.  The  lateral 
ditches  are  planned  of  such  size  that  flood  waters  will  be  removed 
rapidly,  but  of  moderate  depth,  from  7  to  9  feet.  With  a  few  unavoid- 
able exceptions,  no  provisions  are  made  in  the  entire  plan  for  ditches 
more  than  10  feet  deep.  It  will  therefore  not  be  difficult  to  regulate 
the  depth  of  flow  and  consequently  the  depth  of  ground  water,  if 
this  shall  prove  desirable,  by  the  use  of  low  dams  across  the  ditches 
during  dry  seasons.  It  is  quite  probable  that  this  soil  will  hold 
sufficient  water,  even  during  dry  seasons,  to  supply  ordinary  crops, 
and  that  the  regulation  of  the  ground  water  level  will  not  be  necessary 
in  many  instances.  The  proper  depth  below  the  surface  of  the 
ground  water  for  growing  ordinary  crops  in  this  soil  is  to  3  feet, 
while  alfalfa  grows  best  if  the  ground  water  remains  at  a  uniform 
depth  of  several  feet.  In  the  reclaimed  land  of  Holland  effort  is 
made  to  keep  the  ground  water  at  a  depth  of  12  to  15  inches  for 
grass  and  at  a  depth  of  20  to  30  inches  for  grain  crops.  Sandy 
soils  in  Holland  require  a  high  ground  water  level,  while  clay  soils 
will  retain  enough  moisture  to  grow  crops  even  though  thoroughly 
drained.  The  sand}'  soils  of  the  Sikeston  Ridge  in  southeastern 
Missouri  seem  not  to  suffer  from  drought,  even  when  the  water  table 
is  several  feet  from  the  surface. 

BURROWING  ANIMALS. 

Since  the  preparation  of  the  preliminary  report  a  careful  study 
has  been  made  of  the  extent  to  which  muskrats  infest  and  damage 
levees  in  this  region.  A  part  of  the  levees  provided  for  in  this  plan 
will  have  water  about  their  bases  for  the  entire  year,  and  so  will  be 
subject  more  to  damage  from  this  source  than  levees  located  on 
higher  ground.  However,  investigation  has  led  to  the  conclusion 
that  damage  due  to  the  burrowing  of  these  animals  will  be  far  less 
than  would  be  the  case  in  some  other  parts  of  the  country,  and  it 
was  decided  that  no  considerable  expense  need  be  incurred  to  prevent 
such  damage.  Should  any  part  of  the  levee  become  infested  with 
muskrats  the  situation  can  be  handled  locally  at  a  small  cost 
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UNEXPECTED  DIFFICULTIES. 

In  a  project  of  this  size  many  local  difficulties  and  unexpected 
problems  are  sure  to  arise  in  the  detailed  planning  and  in  the  prose- 
cution of  the  work.  The  organization  of  the  project  should  give 
sufficient  freedom  of  action  for  handling  such  conditions  as  may 
arise,  and  the  detailed  survey  should  be  of  sufficient  thoroughness 
to  make  them  evident. 

UNIT  PRICES  OF  ESTIMATES. 

For  all  lateral  ditches  excavation  is  estimated  at  8  cents  per  yard, 
including  the  cost  of  clearing  the  right  of  way. 

The  earth  used  for  building  levees  should  be  measured  in  excava- 
tion, and  no  shrinkage  need  be  provided  for,  as  the  levees  are  planned 
to  be  of  sufficient  size  after  shrinkage  has  occurred.  This  provision 
will  reduce  the  unit  cost  of  work  to  the  contractor  more  than  1  cent 
per  yard  as  compared  with  the  usual  methods  of  calculation.  No 
grubbing  of  the  levee  base  will  be  required,  and  the  muck  ditch,  to 
be  constructed  by  a  dredge,  will  be  paid  for  in  addition  to  the  fill. 
An  estimate  of  $150  an  acre  is  made  for  grubbing  and  clearing  the 
ditch  section,  which  will  serve  as  a  borrow  pit  for  earth,  and  $20  an 
acre  for  clearing  the  levee  base  and  berm.  It  is  anticipated  that  all 
levee  construction  will  be  by  machinery.  "Levees  under  12  feet  in 
height  are  estimated  to  cost  9  cents  per  yard  and  those  over  12  feet 
10  cents  per  yard  for  fill.  These  prices  correspond  to  12  and  14 
cents  per  yard  for  levee  work  as  ordinarily  calculated,  including 
shrinkage,  muck  ditches,  clearing,  borrow  pits,  dressing  slopes,  and 
similar  items. 

Excavation  in  the  channels  of  Tyronza  River  and  the  Right-Hand 
Chute  of  Little  River  is  estimated  at  9  cents  per  yard,  including 
the  cost  of  clearing  right  of  way-. 

Clearing  right  of  way  for  the  floodways  and  levees  is  estimated  at 
$20  per  acre,  and  grubbing  the  ditch  sections  along  the  levees,  so 
that  hydraulic  dredges  or  drag-scraper  machines  may  operate  suc- 
cessfully, at  $150  per  acre. 

Nearly  all  ditches  are  10  feet  deep  or  less.  The  width  of  right  of 
way  is  estimated  to  be  three  times  the  top  width  of  the  ditch,  plus 
the  width  of  berm,  and  all  right  of  way  on  the  entire  project  except 
that  in  old  channels  or  meandered  lake  beds  is  estimated  to  cost  $20 
per  acre.  Along  Tyronza  River  and  Right-Hand  Chute  a  right  of 
way  100  feet  wide  on  each  side  of  the  channel  is  specified. 

It  is  believed  that  every  construction  included  in  this  plan  is 
abundantly  sufficient  for  its  purpose,  and  that  where  changes  are 
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made  as  the  result  of  a  more  complete  study  of  the  situation  they 
will  be  in  reductions  of  dimensions.  This  is  especially  true  in  rela- 
tion to  the  floodways.  A  large  factor  of  safety  has  been  used  on 
every  phase  of  the  work  except  in  estimating  the  unit  cost  of  earth- 
work. The  cost  of  the  work  to  the  district  is  estimated  at  twice 
the  estimated  cost  to  the  contractor  if  the  work  is  done  in  a  sys- 
tematic manner  and  by  the  use  of  modern  machinery.  The  estimates 
represent  about  the  lowest  price  at  which  similar  work  is  being  con- 
tracted for;  but  it  is  believed  that  with  a  business  management 
and  the  sale  of  the  work  to  the  best  advantage  to  contractors  able 
properly  to  equip  themselves,  the  prices  here  given  need  not  be 
exceeded.  It  is  seldom  that  so  favorable  a  piece  of  work  from  the 
contractors'  standpoint  is  constructed. 

Mr.  Otto  Kochtitzky,  of  Cape  Girardeau,  Mo.,  chief  engineer  of  the 
Little  River  drainage  district  and  a  large  drainage  contractor,  was 
asked  to  give  his  opinion  of  the  probable  cost  of  this  work,  and  stated 
his  opinion  as  follows : 

Where  15  miles  or  more  of  ditch  can  be  constructed  by  once  installing  the  machine, 
the  cost  should  be  within  the  following  figures: 
Ditch  12  feet  bottom,  8  feet  deep,  8  cents  per  cubic  yard. 
Ditch  20  feet  bottom,  8  feet  deep,  6  cents  per  cubic  yard. 
Ditch  40  feet  bottom,  10  feet  deep,  5J  cents  per  cubic  yard. 
Ditch  60  feet  bo'ttom,  10  feet  deep,  6  cents  per  cubic  yard. 
Ditch  80  feet  bottom,  10  feet  deep,  6 J  cents  per  cubic  yard. 

For  constructing  the  levee*  by  use  of  the  scraper-bucket  machine  for  the  smaller 
levee,  12  feet  high,  the  cost  will  be  about  8J  cents  per  yard  above  cost  of  grubbing, 
and  for  the  larger  levee  I  presume  it  will  run  to  about  10  cents  per  yard  besides  cost 
of  grubbing.    The  muck  ditches  20  feet  wide  will  cost  about  $1,200  per  mile. 

My  estimate  for  the  dredge  ditches  is  based  upon  three  years'  experience  in  this 
locality  as  a  contractor  and  eleven  years'  employment  in  this  locality  as  an  engineer 
in  charge  of  such  work.  The  levee  construction  by  scraper-bucket  machinery  is 
estimated  from  my  observation  of  the  use  of  those  machines,  but  with  which  I  have 
had  no  experience  as  contractor  and  the  prices  at  which  similar  work  has  been  lately 
contracted. 

I  have  no  doubt  the  cost  of  this  work  can  be  reduced  by  the  use  of  a  suction  dredge 
in  connection  with  the  scraper-bucket  machine.  The  scraper-bucket  machine  will 
possibly  handle  earth  at  about  the  same  price  as  dipper  dredges  wherever  dipper 
dredges  can  reach  the  dumping  distance,  but  where  the  scraper  bucket  is  required 
to  pick  up  the  material  on  one  side  and  swing  the  full  half  circle  in  order  to  deposit 
at  proper  distance  from  excavation  point  the  cost  is  somewhat  increased,  probably 
25  per  cent  above  the  cost  of  the  shorter  distance. 

On  being  asked  to  define  more  definitely  his  meaning  of  the  term 
"cost,"  he  replied  as  follows: 

The  prices  given  were  intended  as  the  lowest  reasonable  expectation  for  contractor's 
prices.    I  would  be  willing  to  undertake  that  work  at  this  time  at  those  prices  if  pay 

were  absolutely  assured  in  cash. 
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ESTIMATE  OF  COST. 

FLOODWAY  AND  RESERVOIR  SYSTEM. 

Upper  St.  Francis  floodway  and  reservoir: 

Right  of  way  (surveyed  land),  7,190  acres,  at  $20  per  acre. 

Clearing  right  of  way,  4,600  acres,  at  $20  per  acre  

Grubbing  and  clearing  700  acres,  at  $150  per  acre  

Levees,  2,184,200  cubic  yards,  at  9  cents  per  yard  

Levees,  3,092,200  cubic  yards,  at  10  cents  per  yard  

Muck  ditch,  29.3  miles,  at  $2,503.10  per  mile  (8  cents  per 

yard)  

Muck  ditch,  22.6  miles,  at  $2,002.16  per  mile  (8  cents  per 

yard)  

Railroad  bridge  adjustment  at  Lake  City  

Highway  bridge  adjustment  at  Lake  City  


St.  Francis  floodway: 

Right  of  way,  9,880  acres,  at  $20  per  acre   197,  600 

Clearing  right  of  way,  9,050  acres,  at  $20  per  acre   181,  000 

Grubbing  and  clearing  830  acres,  at  $150  per  acre   124,  500 

Levees,  9,041,800  cubic  yards,  at  10  cents  per  yard   904, 180 

Muck  ditch,  49.4  miles,  at  $2,503.10  per  mile  (8  cents  per 

yard)   123,653 

Passing  through  Frisco  Railroad  bridge   2,  000 

One  highway  bridge   15,500 

One  high wav  bridge   13,200 

  1,561,633 

Upper  Little  River  floodway: 

Right  of  way  (surveyed  land),  140  acres,  at  $20  per  acre  .  2,  800 

Clearing  right  of  way,  2,850  acres,  at  $20  per  acre   57,  000 

Grubbing  and  clearing  110  acres,  at  $150  per  acre   16,  500 

Levees,  315,100  cubic  yards,  at  9  cents  per  yard   28,  359 

Levees,  660,300  cubic  yards,  at  10  cents  per  yard   66,  030 

Muck  ditch  (on  east  side),  6  miles,  at  $2,002.16  per  mile 

(8  cents  per  yard)   12,  013 

 182,702 

Lower  Little  River  floodway: 

Right  of  way,  5,825  acres,  at  $20  per  acre   116,  500 

Clearing  right  of  way,  5,400  acres,  at  $20  per  acre   108,  000 

Grubbing  and  clearing  425  acres,  at  $150  per  acre   63,  750 

Levees,  1,537,400  cubic  yards,  at  9  cents  per  yard   138,  366 

Levees,  2,619,400  cubic  yards,  at  10  cents  per  yard   261,  940 

Muck  ditch,  28  miles,  at  $2,002.16  per  mile  (8  cents  per 

yard)   56,060 

Muck  ditch,  13.5  miles,  at  $2,503.10  per  mile  (8  cents  per 

yard)   33,792 

One  culvert  (under  lower  end  of  floodway)   40,  000 

One  highway  bridge   11,  000 

Paragould  and  Memphis  Railroad  bridge   42,  000 

Jonesboro,  Lake  City  and  Eastern  Railway  bridge   35,  000 

  906,408 

Total  cost  of  floodway  and  reservoir  system   3,  623,  431 

60789°— Bull.  230,  pt.  1—11  7 


$143,  800 
92,  000 
105,  000 
196, 578 
309,  220 

73, 341 

45,  249 
5,  000 
2,  500 
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DITCH  SYSTEMS. 

System  Xo.  1. — West  of  St.  Francis  flood  way  and  reservoir 
(ditches  Xos.  1  to  38,  inclusive): 
Miles  of  ditch  (not  including  54.7  miles  along  flood  way 
and  reservoir),  264.1. 

Right  of  way.  3.400  acres,  at  S20  per  acre   $68,  000 

Excavation  (this  includes  excavation  along  floodway 
and  reservoir  not  necessary  for  levee  construction). 

13.019.000  cubic  yards,  at  8  cents  per  yard   1,  041,  520 

  SI,  109,  520 

System  Xo.  2. — Xorth  of  Little  River  floodway,  except  drain- 
age discharged  through  culvert  (ditches  Xos.  39  to  69, 
inclusive): 

Miles  of  ditch  (not  including  45.5  miles  along  floodway). 
142.7. 

Right  of  way,  2.300  acres,  at  820  per  acre   46,  000 

Excavation  (this  includes  excavation  along  floodways  not 

necessary  for  levee  construction  ).  4.069,200  cubic  yards. 

at  8  cents  per  yard   325,  536 

  371, 536 

System  Xo.  3. — Mississippi  County  drainage  into  upper  Little 
River  floodway  (ditches  Xos.  70  to  75.  inclusive): 
Miles  of  ditch.  51.6. 

Right  of  way,  820  acres,  at  §20  per  acre   16,  400 

Excavation.  2.117.100  cubic  yards,  at  8  cents  per  yard. . .       169,  368 

  185, 768 


System  Xo.  4. — Between  Tyronza  drainage  area  and  floodways 
(ditches  Xos.  76  to  142.  inclusi\*e).  i  This  estimate  does  not 
include  district  Xo.  1.  now  under  construction  in  Poinsett 
County ) : 

Miles  of  ditch  (not  including  60.8  miles  along  floodways), 
276.1. 

Right  of  way.  2.630  acres,  at  S20  per  acre  f   52,  600 

Excavation  (this  includes  excavation  along  floodways  not 
necessary  for  levee  construction  ) — 

8.786,300  cubic  yards,  at  8  cents  per  yard   702,  904 

2.280.300  cubic  yards,  at  9  cents  per  yard   205,  227 


960,  731 


System  Xo.  5. — Tyronza  River  drainage  area,  ditches  X'os.  143 
to  185.  inclusive  (this  does  not  include  district  Xo.  8,  in 
Mississippi  County  I : 
Miles  of  ditch.  303.8. 

Right  of  way,  4.000  acres,  at  $20  per  acre   80,  000 

Excavation.  9.421.900  cubic  yards,  at  8  cents  per  yard. . .  753,  752 
Excavation.  1.658.500  cubic  yards,  at  9  cents  per  yard. . .       149,  265 

  983,017 

Total  cost  of  ditch  systems   3,  610,  572 

Total  miles  of  ditch  (not  including  161  miles  along  floodways  and  reservoir),  1.038.3. 
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SUMMARY. 


Flood  way  and  reservoir  system 
Ditch  systems  


$3,  623,  431 
3,  610,  572 


Engineering,  legal,  and  contingent  expenses  (5  per  cent) 


$7,  234,  003 
361,  700 


Total  cost 


7,  595,  703 


Acres. 


Approximate  area  of  district 


1,040,  000 


The  above  includes  district  No.  1,  of  Poinsett  County;  district  Xo.  8.  of 
Mississippi  County;  land  occupied  by  flood  ways  and  reservoirs;  and 
land  on  the  borders  of  the  district  not  affected  by  this  improvement, 
aggregating  about  


200,  000 


840, 000 


Approximate  average  cost  per  acre.  S9.04. 
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the  assistance  which  they  rendered:  The  St.  Louis  and  San  Francisco 
Railroad  Company,  a  profile  of  its  line  through  the  district  ;  the  Mis- 
sissippi Rivejr  Commission,  data  of  three  level  lines  which  had  been 
run  across  the  valley  under  its  direction;  the  St.  Francis  Levee 
Board,  a  list  of  bench  marks  along  the  Mississippi  River  and  field 
notes  of  a  survey  of  three  sections  in  the  interior  of  the  district;  the 
AVar  Department  office  at  Little  Rock,  a  profile  of  the  water  surface 
in  the  St.  Francis  River;  the  Kansas  City  Improvement  Company, 
data  of  their  survey  of  the  south  end  of  St.  Francis  Lake;  Mr.  C.  B. 
Bailey,  of  Wynne,  Ark.,  field  notes  of  a  system  of  cross  sections  of 
Big  Bay  in  Poinsett  County  and  profiles  of  two  other  ditch  systems; 
Mr.  W.  E.  Ay  res,  who  loaned  his  map  of  district  No.  8  in  Mississippi 
County  ;  and  Moore  &  McFerren  Company,  profile  of  a  proposed  rail- 
road line.  So  far  as  is  known  no  valuable  data  concerning  the 
physical  features  of  the  valley  were  overlooked. 


REPORT  OF  THE  BOARD  OF  CONSULTING  ENGINEERS  ON  THE 
REPORT  ON  THE  ST.  FRANCIS  VALLEY  DRAINAGE  PROJECT. 

Mr.  C.  G.  Elliott,  g 
Chief  of  Drainage  Investigations. 
Sir:  We  have  read  carefully  the  report  on  the  St.  Francis  Valley  drainage  project 
prepared  under  your  direction  by  Mr.  Arthur  E.  Morgan,  assisted  by  Mr.  O.  G.  Baxter. 
In  connection  with  this  report  we  have  studied  the  maps,  profiles,  and  other  drawings 
pertaining  to  the  work,  and  we  present  hereinafter  our  conclusions  and  recommenda- 
tions based  upon  our  studies  as  before  mentioned. 
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The  scope  of  the  project  as  it  presents  itself  to  our  minds  is  comprehensive  and  well 
considered.  Local  drainage  projects  covering  only  portions  of  this  district  are  sure 
to  result  in  failure  and  a  large  and  useless  expenditure  and  often  in  damage  to  related 
sections  unless  the  plans  are  made  to  conform  strictly  to  adequately  developed  -plans 
covering  the  entire  district  affected.  The  assumptions  for  run-off,  both  from  the  flat 
lands  and  from  the  hill  country,  are  in  accordance  with  what  we  conceive  to  be  safe 
and  sane  practice.  We  have  made  such  computations  on  the  capacity  of  the  flood  ways 
as  to  satisfy  ourselves  that  they  are  of  sufficient  capacity  to  care  for  the  greatest  run-off 
that  a  tenable  theory  of  rainfall  would  lead  us  to  anticipate.  We  have  not  computed 
all  of  the  lateral  ditches  tributary  to  these  flood  ways,  but  have  taken  a  number  of 
them  here  and  there  throughout  the  system  and  computed  them  as  checks  upon  the 
methods  used  and  their  execution,  with  satisfactory  results.  We  find  that  the  meth- 
ods of  levee  construction  and  the  dimensions  of  the  levee  are  in  accordance  with  good 
practice,  better  practice,  in  fact,  than  is  commonly  met  with  in  this  character  of  work. 

Questions  have  arisen  in  our  minds  as  to  the  necessity  of  having  the  floodways  as 
wide  as  they  are  in  some  places,  but  the  data  are  not  at  hand  to  give  us  a  basis  for 
seriously  questioning  the  propriety  of  the  layout  as  it  is  presented  to  us. 

Taking  up  the  St.  Francis  reservoir,  we  ask  ourselves  if  that  reservoir  area  can  not 
be  safely  reduced  and  valuable  lands  reclaimed,  but  the  data  are  not  now  available 
for  determining  whether  an  attempt  to  save  lands  within  that  reservoir  area  would 
not  result  in  expenditures  exceeding  the  value  of  the  lands  to  be  reclaimed.  We 
Therefore  suggest  that  these  questions  be  left  for  later  decision  after  further  data  have 
been  obtained  upon  which  to  predicate  a  valid  conclusion. 

We  recognize  the  practicability  of  the  suggested  development  of  water  power  and 
believe  that  such  development  will  have  a  value  greatly  in  excess  of  the  cost  of  devel- 
opment, and,  further,  that  such  development  is  entirely  consistent  with  the  working 
out  of  the  drainage  project  upon  its  most  efficient  lines. 

We  believe  that  the  channels  created  for  drainage  will  also  serve  as  channels  for 
shallow-draft  boats  that  will  engage  in  transporting  to  natural  markets  the  agricul- 
tural products  of  this  reclaimed  land,  and  that  as  waterways  they  will  have  a  real 
value  in  addition  to  that  for  which  they  were  primarily  designed. 

The  methods  of  constructing  these  ditches  and  floodways,  as  recommended,  are  well 
considered  and , up-to-date.  The  unit  prices  used  in  computing  the  cost  of  the  work 
are  based  upon  experience  in  other  similar  work,  and  they  seem  to  us  to  be  justified 
by  costs  shown  on  other  work. 

It  must  be  recognized  that  the  surveys  for  this  work  are  not  in  such  detail  as  to 
enable  an  estimator  to  feel  sure  in  all  cases  that  fuller  information  will  not  change  his 
results,  but  it  seems  to  us  that  the  effort  has  been  to  show  maximum  quantities  in  the 
estimate  submitted,  and  we  anticipate  that  the  actual  quantities  involved  in  this 
construction  will  fall  below  those  now  reported,  with  a  corresponding  reduction  in  cost. 

Perhaps  the  most  serious  question  in  connection  with  the  proposed  plans  is  that  of 
maintenance.  Proper  maintenance  of  the  levees  upon  whose  condition  the  safety 
of  the  entire  region  will  depend  is,  of  course,  of  vital  importance.  In  addition,  the 
great  floodways  must  be  kept  clear  of  obstructions,  especially  vegetation,  at  all  times. 
For  the  floodways  we  prefer  a  system,  such  as  flooding  by  submerged  dams,  which  will 
prevent  growth  of  vegetation.  An  effective,  permanent  drainage  district  organiza- 
tion must  be  provided  for  maintenance,  supplied  with  proper  funds  for  constant  work. 

Respectfully  submitted. 

(Signed)  Isham  Raxdolph. 

A.  Marstox. 

S.  M.  Woodward. 

Chicago.  III.,  July  6\  1910. 
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